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ALTiERATION OF IMMUNE RESPONSE USING 
P^N DR-BINDING PEPTIDES 

BACKGROUND OF THE. INVEOTION 

pending application United ^aLte^^^i^^o^OB^ 1,101 filed 

September- ,• ' ' : l*^|lS$3.^^ • 
■ ; -Th^^esla^^ ; -; 

• ' methods : : f ; br^|v^ti^g^ of ' ' 

pathblbgical istates"' subh|as ^ autoli^ne-v diseaj^esy / Viral; .. *. 
:■' diseases and cancers. ?^ provides Inoyel 

peptides capable of binding selected major-: histocompatibility 

complex (MHC) molecules arid either inducing or inhibiting ah 

immune response*' /yy ; 

.. MHC molecules : are * class if^ed^as^ither Class I or 
Class II molecules ; Class II $MHC moiecui^s are expressed by 
specialized antigeWtpresentihg cells (APC) such as 
macrophages, dendritic: cells, Or B celis.|y : The Class II MHC 
molecules usually associate with peptide fragments derived 
from processing of protein antigens which enter the endocytic 
pathway from the APC exterior. Th<e lfflCrpepti,de complexes are 
' - 'subsequently : preietoed;'::for^s^ cells ' . '. 

which are then activated, proliferate andoaS^Ufy. the immune 
' ; ; response to thiejpa;^ * s ;'; 

displayed. .Abtirotib*^ of -.the T 

' Cell Receptc* a : Mi|^|p^^^; col ^ lex ' °* . 

an MHC molecule and a peptide antigen ^hi^i^eyitz , et al . , • 
j, xmounol .133, 2067^2074 (1984 ) ; Babbitt, -et al., Nature 
317, : 359-3 61 (1985):; Buus , e t al . , C^ll, 47 , 1071-1077 (1986) ; 
Townsend, A, , and Bodmer, H, , Annu , JXimunol . 7 , 601-624. 

Inappropriate activation of T cells is a component 
of a number of iinmuhopathologies , such as autoimmunity, 
allograft re j ectibn and allergic r<Bsporis^s. Exemplary 
autoimmune diseases include rheumatoid ^arthritis , multiple 
sclerosis, and myasthenia gravis,.'.:;.;: :;iAlierg|p;- responses, 
involving T cell activation include: allergies to various 
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pollens, dust mites and the like. In addition, foreign 
infectious diseases may cause immunopathblogy {e.g., iyme 
disease, hepatitis, LCMV, post-streptococcal endocarditis, or 
^glomerulonephritis) . Food hypersensitivities, such as celiac 
disease and Crohn's disease^ as well as other allergic 
diseases, have been associated with particular MHC alleles or 
suspected: of having an autoimmune component. 

The most commonly used approach to treating these 
cp^itipns is to suppress^|^ typically by ' . . 

: ^isd^g iipiuriosuppressive ^ . Another approach has been 
p|op|sed for cases in whibh : the MHC allele associated with the 
condition is known, • involving selective blockade of a given 
MHC allele. However> >^ere of MHC restrictions are 

li^olyed, approaches other t^an selective blbckade must be 

;f ..inununochemi^al'^sWies of the requirements ; for 
peptide binding to clls^ II moledules have been carried out. ..; ... 
The binding motifs of several murine and human class II MHC 
;a|iel4s have been defined, motif analysis by sequencing of 
^hl&klly: ;processed/;pept^^ : also recently ;,be;en ; described 

: ' |6r'^vari:ous = .class ^ ii; :; typis; : :<Rirfens.ky et al. , Nature 353, 
■'■■■&2-*2l :■; ;. : :c^ic^: :: et ; :ai ; ;>;]'^ttire 358, 764-768 (1992) ; Hunt 
V^'-al.-, Science 256, 1817-18^0 (1992) ; Rudensky et ali , Nature 

359 429^431 (1992) ) . -. • : ■ 

■ ; ;V-; ; ;: ;! ;:> In ' the case^bf^bfe^lecules:- in ' particUiJE^r, it has / ' 

^-fcefesl^^^ ' ■ " 

large hydrophobic anchot engaging a corresponding hydrophobic 

: : picket -bf^e : MHC binding grpoVe : ;: is 1 ' the most crucial . 
determinant of peptide-DR interactions . Several other anchors 
play definite, albeit less prominent roles and help determine 
allelic specificity. Recently it has also been emphasized 
that the peptide backbone of the ■ 

peptide molecule is engaged ^ wlth 
the walls of the MHC birping ^boye (Krieger et al . , J. 
^unbi . 146, 2331^2340 (1991)) ; :C-'Sullivan et al., J. 
ijnmiinbl . 146, 1240-1246 (1991) ; and O • Sullivan et al . , J. 
Immunol. 147, 2663-2669 (1991) • 
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/ ^ residues that 

line the Jeplide binding pockets of MHC alleles tend to endow 
each allele with the capacity to bind a unique set of 
peptides > there are many instances in which a given peptide 
5 . ,'.:has bfeeh show* to bind to more than one MHC specificity . This 
has been bes^Jdocumented in the; case of the human DR isptype, 
in which it has been noted that several DR alleles appear to 
recognize simiiar motifs, and independently, several : 
• investigates; reportek degene^ ■ binding and/ or recognition • 
10 of certain epitopes in the: contekt of multiple DR types, 
;L : i-.i:3leading.: : ;to^ that bertain ; peptides : *igt*t \ represent^; , 

4i3r4^|; ;: ::: : i; 

( iiiofi Pahlna^Bo^ • : .: : et\;al ...v vEur.- : r& : . Iipmutiol . 19 , .: " 
2237-1242 (1989}; Sinigaglia et al , , Nature 336 / 778-780 

15 (1988) ; O'Suliivan et al., J. Immunol. 147, 2663-2669 (1991) 

Roache et al.>J. Immunol. 144, 1849-1856 (1991) ; Hill et al., 
J. Immunol. 147, 189-197 (1991)) . However, although the 
previously repbi^ed epitopes do have the capacity to bind to 
several DR alieles, they are by no means universal. 

20 Accbrd^ the present invention provides DR 

binding peptides, called "pan DR binding peptides" that are 
. ?xe^niz^&i^pr6&$ pattern of DR alleles. According . to the 
present invention subh Pan DR binding peptides may be used as - 
■ potent immunogens for class II restricted T cells, and as a 

25 useful human peptide-based immunosuppressant, vaccine or 


SUMMARY OF THE INVENTION 

■f Sfe". methods^* |&ib|tiiig or' inducing activation of T cells 'in. a' ; / : :;; 
patient. The methods comprise administering a therapeuticaily 
effective doSe of phannaceutical compositions comprising a • 
pharmaceuticatliy acceptable carrier and peptides of between ; 
^bdut ;;4"a ; nd ::; |bput 20 . residues, that bind antigen binding sites : . 
35 W MHC molecules encoded by substantially all alleles of a DR 
locus. These peptides are referred to as pan DR binding 
: peptide^vv ;^The pah DR binding peptides can be used to inhibit 
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" iimune responses associated with inmunopathologfies , such as 
; autoimmunity, ^llogiraft rejection and allergic responses .• > 

When used to enhance an immune response, the pan DR 
■ ■ peptide can act ; as:: : : ; a -T helper peptide and tie administered with ■■: 
0:.- a CTL inducing p^ The T helper peptide may liiiked to ;.j 

fk': ! - ' the CTL inducing peptide to form a CTli/T liiipe^ pepti^ ; : 

conjugate. The conjugates may also be fur|her modified. For . 
instance, the conjugate may be acetylated, pa&itylated, or 
acy lated with a fatty acid, or linked to a carrief v The CTL y ■ 
10 peptide: may also be linked to the T helper peptide by a spacer 
| ^lecule, siick as Ala-Ala-Ala. : Alternatively, pan DR peptides 
-.;5^ca|;::ibfeii^ -antibody responses. As with the 

induction of CTL responses, pan DR peptides can be, - 
alministered either linked to > or admixed with, antibody 
15; inducing determinants . 

Pan DR peptides can be described using various 
; conventions. For example , preferred pan DR peptides have the 

formula Rj-Rj-Rs-R^^s , proceeding in the direction from the 
^ amino-terminus of the peptide (Rj) to the carboxy-terminus 
20 (R 5 ) , where R x is a D-amino acid followed by alanine or 

lysine; R 2 is cyclohexylalanine, tyrosine, or phenylalanine; 
R^ is 3 or 4 amino acids each of which is independently 
selected from the group consisting of alanine/ isoleucine, 
serine and valine; R 4 is thr eon ine-leuci.ne^ly sine , lysine- 
25 theronine, or tryptophan-threonine-leucine-lysine; and 
ff% ' R 5 consists of 2 to 4 amino acids followed by a P~*f acid, 
/ ' where eaci of the 2 or 4 amino acids is independ|n||y ^elected 
: f r o m the group consisting of alanine , serine and valine. 

Acordihg tb this formula, more preferred pan DR peptides have 
3d the formula H^-^-^s, where R l is D-alanine followed by 
alanine or lysine; Rj is cyclohexylalanine or phenylalanine; 
^t&:.-L± 3 or 4 amino acids each of which is selected from the 
^rbup comprising alanine, isoleucine, and valine; R 4 is 

^eonine^ieucine-lysine, lysine-theronihe ,;, or ' ^yptbj>han- .■ 
\:.35i|;:iiirionine^leucine-iysine;- and R 5 is 2 to 4 alani^s; fallowed " 

: : ; ?a s -ty • ^-alanine.' . 

Pan DR peptides can also be described using the one- 

'M ;letter-cp<ie for amino acids . commonly found in proteins and ■ 
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specifying a designation for D-amino ac ids or unusual- i^amin6::--. 
acids . Using this convention, preferred pah DR peptides of 
the invention include the following : o ZX Z Z ZKT Z Z 2 Z o , 
oZX?ZZZTIiKZZo r 

5 arid oKFVZZWTI^ZZo wherein o is a D-aminp ;icid, Z Is alaniniB> 

sieriiife or valine , K is lysine/ T is threonine/^ ^ W 
i.s and X is cyclohexy lalahine , tyros iriey or 

. ::::;L;:pheny alanine •' . Most prefered ^nJfiR jp^ptides Includ^^ 

aAXAAAATIJCAAa^^ 

:• f; : ::;ib^ and. • aKFVAAWTLK^ a is - D-al^ine, :;Ay:;iisp|- 

;.-|;!alanine/: Xciis • cyclohe^lalajfiine r JC is lysine, T jis^. tteepniro 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A- IF show representative responses forl^ree^ 
t^ different donors . Antigen specific T cell respohs^s 
-;fr^':-humari PBMC T cell lines generated on day 0 by addi^i<?n o 
eith^ peptide 965.10 (closed square) , 906.09 --(ppen-:^ 
20 {760, 50 (closed circle) , or Tetanus toxoid 830-843 (open -r^ ; .y: 
circle)^^^^ M assayed on day 14 (second stimulation^ 
lEf # 1C) and day 28 (third stimulation, Figures ID, IE ^;;iF);^;:.^;' 
r^r^isehtat ive of two independent expert is ,shbwn'.;;;; : 

' ■-' ' lis'- ': v' Fi^res;- 2A and 2B ' show summaries of antigen 

Wc^t^ from human PBMC. Ficpare 2A shows resii ; 

; ^ : and Figure 2B ^hows results : of /a'vitlri^ 

^timulati^ The maximum a cpm Obtained is plotted ori the^ 
brdinatte; 

30 • ' ; :;;\^ ' 

Figures 3 A-3F show in vivo immunogenicity of various 
peptide epitopes as measured by proliferative capacity of 
pr ii^d ^ lymph node T cells . C57BL/ 6J mice were injected 
'^''^^1^^Z0}--^iifmaix&B (open triangle) / 1 Mg/moiise (closed s^|r^) , 
35 | 50 h^/m (open square) , 2.5 ng/mouse (closed circl^y^ 

^125 ng/mouse (open circle) of TT 830-843 (Figure : -^M^:<^^; 
323-336 (Figure 3B) , HBV C 128-140 (Figure 3 C) , 965.10 (Figur^: 
^5D) V 1024.03 (Figure 3E) , and 760.50 (Figure 3F) . Ten day^ i; 
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later, draining lymph nodes were removed and T cell 
proliferation assays performed as described in Example 9- A 
representative of two independent experiments is shown, 


15 


30 


DEFINITIONS 

, Ah oligopeptide or peptide ■M/v^--h*^in^i9^^^^ 
. a C hain of at leastfour • amino acid .or. .apino. acid ; l|^||c^;i;|; ? 
10 : : preferably at least six, more preferably eighth to ten/ 

sometimes eleven to fourteen residue^, and usually fewer than 

■ -. about vthir^;^ 

five , and preferably fewer than fifteen, e .g% e^glit ^toj ;: ; 
fourteen residues : The oligopeptides or peptide? f*>f *> e - 
variety of lengths, either in their neutral (uncharged) forms : 
or in forms which are salts, and either free oi modifications 
' such as glycosylation, side -^^^^^i^t;^ .< . • ; 
^ph6sphor^la^io^; : or.-: ; contaih 
.' the condition %at the modification, 
20 activity bf the polypeptides ,as-herein|descr:ibe4 . ■ 

When refering to an amino acid residue in a peptide, 
oligopeptide or protein the terms "amino acid residue" / '•amino;; 
acid" and "residue" are used interchangably and, ;as used 
' herein, mean an amino acid or . amino acid mimetic joined 
25 covalently to at least one other amino acid or amino acid : 
mimetic through an amide bond or amide bond mimetic. 

' as used herein, the term "amino aci^"/ when 
ungualif ied , refers to ah "L-amino acid" br I^amirio acid 
mimetic. 

Although the peptides will preferably be 
substantially free of other naturally occurring proteins and 
fragments thereof, in some emb<^imeritssthe peptides can be;: 
synthetically conjugated to native ^rag^en^ or particles r 

By biological activity is meant the ; ability to -bind 
35 an appropriate MHC molecule and, in the case of peptides 
useful for stimulating CTL respo^es r induce > !T helper 
response/ which in turn helps i^^jii ^^f^onse against a 
target antigen or antigen mimetic. In the ^case of a peptide ; 
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10 


15 


20 


25 


30 


anai og antagonist, the analog will have biological activity if 
it competes with tlie native peptide for binding to ttie MHC 
molecule arid thus substantially reduces tlie ability of the ; 
native peptide to stimulate a T cell response; 

A "pan DR-binding peptide" -of ;rj^J?^^*:^ a 
peptide capable of binding at least about ' 7 : of ' : ^ej 12.- i-most ' a ;: . 
■ibmmon..Walieies:^bRi>C2wi 

52b, 52c, and 53) With high affinity. «Hig§affin^ty«' Is 
defined here as binding vith an IC50% of less than 300nM. 

Throughout this disclosure, resul^^ are expressed in 
t erms of ICSO's. Given the conditions in which the assays are 
^un /i.e. , limiting MHC and labeled ^ep^ide concent^at|^ns|, ; 
these values approximate K D yaluesV: -^^^A .)^^,^»t ; 
1C50 values can 8harige,>often dr^ 

conditions are varied, and depending on the particular 
reagents used {e.g. , MHC preparation, etc. ) . For example, 
excessive concentrations of MHC win increase the apparent 

measured IG5Q ^o4-^gi^S$i9*^' ^ 

Ah alternative way of exp^ a ^ a ' 
to avoid these uncertainties, is as a relative; value 
reference peptide. The reference peptide is; ; in^iided in every 
assay. As a particular assay becomes more, or less, 
sensitive, the ICSO's of the peptides tested may change 
■ somewhat. However > th«> binding relative to the^irence 
peptide will not change. For example, in an assay run under 
conditions such that the IC50 of the ref ?renc^ peptxde , 
increases 10-fold, all IC50 values will also shift , ^ 
approximately 10-foid. Therefore, to avoid ambigu^i^s, the 
assessment of whether a peptide is a good, intermediate, weak, 
or negative binder should be based on it's IC50, relative to 
•'•"'the IC50 of the standard peptide. v^.-> 
If the IC50 of ^e stands 
particular assay is different from that reported in Table I , 
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then it should used to 

determine gbq<i> intermediate, ■ue&yf-a^:': negative binders 
should be modified by a corresponding factor. 

A i^CTL inducing peptide" of the present invention is 
5 orie derived; i f target 
aiitigensy ^sucK - : ; /^is'^^^pr-v 1 as spc xai tedi "1 ant ±gerks : r " including , but 
" not limited t6, renal cell carcihoma/^^ cancer , 
: car cinoe^ryonic antig^ antigens , -^n^-:^^. 

" prostate ca^ antigens, . 

: :;T*h^tph^ or biblog^cally ;:;Py£e" '^^^:':'X 

to matfcri^^ * re ? from : 

deponents ^ nati ^ 

15 state; Thus/ the pepti<ies of the present invention do,-hot V: :- ; .- : ^ 
contain m^erials associated with their in situ 

^ eri^ronment/^ 

7; b^ils . '• '■: beeh>;iso^ - a ■ . 

hbmogen^ band r there ar^ 

2 p the irakie 5-10^ with thfe 

desired protein^ ^ of this invention do not 

contain such endogenous do-purified protein . N . 

The ;t clone 1 ' refers to a group of T cells 

that are ^gferiy pf : a i single virgiii 1^ expressing 

2 5 identical inanunoglobulin or T ceil receptor proteins . The 

term "virgJLn^^ here a^^ji^ in Stites 

Hall/ E^ : . 

> incorporated herein by ref erence ; 
30 a ?T helper ■/■peptide": as used herein refers to a 

peptide recognized by tHe T cell receptor p| IT helper cells* 
The T helper peptides of the present invention are pan DR 
binding peptides . -.v • v> 

3 5 DjBSOTIPTIGN OF THE PREFERRED EMBODIMENT 

In one ^ the present iiwentipn relates t<^ 

the use of pan DR pep^ to block an immune response by 
preventing actiy^ion ^f helper T cells. Because of their 
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degfenerate class II bindi the Pan DR binding 

peptides may be used as therapeutics in the inhibition of T 
cell mediated events involved in allograft rejection , allergic 
responses, or autpii^nity . 
5 Al t erhafeMeiy # the pan DR p^tides ^ 

adjuyaiit component ;i^ an 

instance, the pari DR binding peptides are administered with 
GTL-inducing peptides to induce a GTL response aga inst , e • gr • , 
10 ^irally infected cells* Alternatively , the pan DR b inding 
^{jB^pi ides ar e cpri j ugated with a CTL-inducirig peptid^ and 

:''';: ? H;a^i^ 

pept ides or adinixed With an antibody indue ing peptide . The ^ 
15 of helper pept ides Vbo enhance antibody responses against 

particular determinants is described for instance in Hervas- 
Stubbs et al . Vaccine 12 :867-871 (1994)v 

The nomenclature used to describe peptide compounds 
follows the conventional practice wherein the amino group is 
20 presented to the left (the N-terminus) and the carbpxyl group 
to the right (the C-terminus) of each amino acid residue, in 
the amino acid structure formulae , each residue is generally 
represented by standard three letter or single letter 
designations . The^ : amino; ;apid : residue- - is;; ^^'--A 

25 represented by a capital sirigrle letter or a capital first: 
•^•letter- of a three-letter is arid the D-f ora f pr thos^a 

Ja^ ■ D^fprms- is- represented! • by^^: lbwer -^case' ' 

single letter or a ; lower case three letter symbol . Glycine ; 
;:.:.^-.:;V : ';: ; ^hks no asymmetr ic carbon atom arid is simply referred -tb^as, 
:.30\/--\^^GIy^br.;G. - 

The peptides of the invention can be prepared in ai 
wide variety of wa^sv Because of their re^ si ^' 
the peptides can be synth^ in solution or : pn ; ;^;Spiid; • l:V,;t ' 

sropgfc conventional: t^ 

35 automatic synthesizers are ■ commercially available yia^ 

used in accordance with known protocols . See, fpr exampl^ f 
Stew^irt and Young^ Solid Phase Peptide Synthesis;;^ 
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Alternatively, recombinant DNA technology may be 
employed wherein a nucleotide sequence which encodes an 
immunogenic peptide of interest is inserted int^ aii exp|esf ion 
•'. . •vebtor:, ^transformed . or transf ected * into ah appropriate \Hbs£:. |i; 
■■ : 5 cell ind cult-ivated under bbndiii<pns sulta 

".. These procedures are generally known in the art/ as described 
X ge^rally in Sambrbok et al . , Mblecular-^ Zoning, . A;fi^or^c>ty^ ^ |/vif :• 
{■ Manual, Cold Spring Harbor Press, Cold ;Spr^tig : ;:;Harbpr . 
(1982) , which is incorporated herein; by Reference. Thu^i, 
. . 10 •• fusibri proteins which comprise one or more >peptide: : :se(qu|^|e^S| ; : 

VA>\ ; r;;: : : fepitope.. • • . '/v' : -^/- : \>:W^ :: -'\ :; . 

V contemplated herein can be synthesized by chemipal%t|ch^iques, 
15 for example, the : phosphotriester method of Matteucci et 

. Am. Chem . Sop. 103 : 3 185 ■ ( 1981) , modif ication can-, be |ia& - >J 
.ji^ ;;: pimply : ; ::by: substituting the appropriate base(s) v : :for ;! ;thps^ j: ; 
^ricbdiii^ ii^e native peptide seguehcf w -TheV ; x:bairig7;se^ 
then be provided with appropriate linkers and ligated into 
20 ■ expression ; vectors commonly available in the art , aridk jjh£ >; . -fr.>- 
: 'vectors used to transform suitable hosts to produce the 
: desi^d; iusibn protein. . ■■ A number of such yectors and suitable > . 
^^.^oit ••sys'^s^'ire, now available, ; £ ; For: depression ; o? , the ; jf usi.?h - 
> : /:proWins^:^the^ coding ' sequence will '.be; provided wi^ :^ip:|bly . , 
25 linked start and stop codons , promoter and termihatb^ regions 
and usually a replication system to provide an expression.. 
y&ct^ ior exprBssipn in the desired :-cellular : h^t^^llOTg 
^example, promoter sequences compatible with bacteria^ |^ 
. are provided in plasmids containing convenient resteictioh 
30 sites for insertion of the desired coding sequence. The | 

■' resulti^; expression vectors are transformed into . sui^||;^:;;- 
bacterial hosts . Of course, yeast or mammalian cell hosts may : 
also be used, employing suitable vectors and control 
sequences. 

35 . .. ::. ■• ■"• . ' - ' V::^"^'^ 

PAN DR-BINDINGI PEPTIDE8 

The -present invention provides methods useful for 
identification of modifications to a starting peptide which 
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broaden its specificity. For instance, Interna|ional 
Application WO 92/02543, which is incorporated herein by 
reference, describes methods suitable for identifying peptides 
capable of binding DR molecules. This application describes 
the use of hemagglutinin from the influenza virus ("HAg , as 
the source of peptides specifically reacting with HLA^>R. 
Portions of the protein are screened for reactivity to provide 
sequences whicii bi|d lie appropriate DR molecule, such as DR1, 

DR4W4 or DR4W14 . 

■ Once an antigen or peptide thereof which binds to 

';t*e^seieKd;;^^ 

region" of '%6!antig^n; or^ : peptide;m^ ^be^de|erm|ne||b^ : e^g. . ; 
synthesizing overlapping peptides, aiid/or employing N^tferniina| 
" or C-tenninal deletions (truncations) or additions, In tiie 
determination of a core binding region and critical contact 
residues, a series of peptides with single amino acid 
I substitutions may be Employed to determine the effect of 
^electrostatic charge, hydrophobicity, etc. on binding. 

Within the core region, ''critical contact sites," 
20 i.e., those residues (or their function!! eguiyalelitsy which 
must be present in the peptide so as to retain the ability to 
bind an MHC molecule and. inhibit the presentation to the T 
C eii, may be identified by single amino acid substitutions, - : 
deletions, or insertions, in addition, one may also £grry|ou| 
25 a systematic scan 'with a specific a|l"°^ c l ( f * g %: A ?f * *° 
probe tte contributions made ; by the ;sid¥; c^ain|: of critical 

. ". ::• contact residues^--. 

• peptides of the invention which are relatively ; f 
v; h insensitive to single amino acid substitutions with neutral 
amino acids, except at essential contact sites, have been 
" found to tolerate multiple substitutions, f articular ly 
: preferred multiple substitutions are sm^llg re0.atiyely [ n«|utral 
moieties such as ila, Gly, Pro, ■ or similar; residues. The 
substitutions ;ma^; bej homo-oligomers or heteroToligomers. : The 
number and types of residues which are substituted : or added 
depend on the spacing necessary bet%en ^ent|al ^ontact 
points and certain functional attributes wn^ 
(e.g., hydrophobicity versus hydrophillicity) . ;r increased ■,== 
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binding affinity for an MHC molecule may also be achieved by 
■ such substitutions, compared to ^e] affinity of the parent 
peptide. In any eyeht, suc|i |^pacer" substitutions: should 
• employ amino; acid iesid^s; pr>: ot^er :molecula^ ^r|gments chosen 
S?v to avoid, for exampl|t steric and charge interference which 

might., disrupt bindings 

The effect of single amino acid substitutions may 
' : - ■ - ' also be ptbb^d usiiig O-amino acids. Suc^ substitutions may be 
■P: made usini well known peptide syntheses procedures, as 
10 described in e.g. , Merrifield, Science 232:341-347 (1986), 

::i Sarany arid Merrifield, Thejp^tides, Gross and Meienhp|eri . 

' Young, Solid Phase ! peptide Synthesis , (Rp$£f6rd , |II|v J 
^Vy.' pierce) , 2d Ed. (1984) ; incorpprated by reference herein. : 
15 • The peptides employed in the subject invent ipn ; need 

' , • ■ not be identical to peptides disclosed in the Example section, 
below, or to a particular antigenic protein |egUehce of dTL ' / 

y/^T'tlie appropriate MHC m6iecul|s** br^r^ cytotoxic 1 ; • . 

20 \1 lymphocytic activity a^insl '^^^^^^t^^^^'^i ' 
C Thus, one of skill wil 1 irecPgriiz*: that : a number pf ; 

conservative substitutions can be made without substantially 
, affecting the activity ofc the peptide . Conservative 
'■- . " substitutions are . those involving replacing an; amino acid . : 
25 ^sidue with another which! is biologically and/or chemically : 
'MW^^'M^ , . one hydrophobic; residue f ^^0^^^^:.^ v 

polar residue for another i 
- Using the general approach ^ above, a 

binding motif for a particular MHC allele can be determined. 
30 To broaden the specificity of peptide showing high affinity 
- for one or more alleles, modifications as described^ above are 
i made and the resulting peptidesfafe f urther tested|^| 

binding. Modified peptides wh^ch Ihpw signif icant|y :|igher ■ 

binding to 'particular i^^f|l^^^^'^ ei ^SftS^'S3\ 
35 modifications can be ;; ; m|iejiri|a more or less random mariner. 
MM ^ approach .to "i^pdif yfng 1 ! the ; starting peptid^ |s to combine 

binding inbtif s frpmftwo or more alleles. p i 
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to other approach may 1^ used in which anchor 
residues that contain side chains critical for the binding to 
the MHC are inserted into a poly-alanine peptide of 13 
residues. :C: This approach has |een used by : Jardetzky et al., 
5 \ itatu^ 353, 326^ 3 ^ 

polyaianine peptide which was modified with a single dominant 
Hhc contact residue (Tyr) endowed the peptide with high 
affinity binding capacity for DR1. Instead of using tyrosine 
as the main HHC contact residue, cyclphexy lalanine or . 
10 phenylalanine can also be utilized. These residues are 

interchangeable with Tyr with respect to a peptide's capacity 

the OHA ^ p^ilW^aiid ■ f ibihermbre r«is6j .all^binding^o^MHC^ .<•= 
mblecules Wt contained k\ cfy. substitutipri at residue 86 ; in;;; i 
15 the DR 0 chain; This change af f ebts the binding specificity 
of the B binding pocket in class II MHC such that tyrosine is 
no longer capable of binding effectively* whereas 
■'■ ' cyclohejcylalanihe, as well as phenylalanine, can bind, 

The biolbgical activity o^ the peptides identified 
20 ' above may be assayed in a variety of systfems; Typically, the 
■ . ability tP inhibit antigen-spf cif ic T cell activation is 
tested. In phfe exemplary protocol; an #xcess of peptide is 
; incubated with an antigen-presenting pell of known MHC ; : 
expression, (*.g., DRl) and a T §el^[c|ons';;Pf ^si^-..il^is^ig'' ^ 
25 specificity ( e . gi , tetanus . to^inA8>0§843| ! : and;; MHC restriction c . 
^taga^yv-i^ ^^S^fe^l^SS 

^fficieht time for T c|li prplif ei^ti:pn ? such as four days,; . 
. and proliferation is then measured using standard procedures, 
30 such as pulsing with tritiated thymidine during the last 18 
f hours of incubation. The percent inhibition, compared to the 
controls which received no inhibitor, is then calculated. 
The capacity of peptides to inhibit antigen 
' . presentation in ah in vitro assay has been correlated tP *h^ 
35 capacity pf^ i^ifit"! ah; immune response in vivo. 

In vivo activity ^ be determined in animal models, for 
. example, by administering an antigen known to be restricted to 
the particular MHC molecule recognized by the peptide, and the 
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iinmunomodulatory peptide; T lymphocytes are subsequently . 
V- ; ; -^ 0 Ved:'fr6^Uh^ a ^ se ^* n ^ e of : 

antigen. ' ' ihiiibit^n^bf rstimulaiion j: ':is: ; 'ineasured' fay 
• > ; conventional Mediisl |>.g. ; ^pulsi^pwith; x^l^yaidi^arid; . = ; 
• V ' • Comparing tb ap^ Certain e^eriinei^al • • 

•'■■\d ; e||i:is''^iir;bf * r u is * n * : . : : . 

; |'>r : see|a|so, Ad|fi|i^ etT aK y Nature 3 34 , 62 3 ^625 (19*8 J , 

tocbrpbrated herein by refer^nbe. ; 

.." : : a large nuinbejr of ieils with defined MHC molecules , 
ip particularly MHC claims ^1 molecules, are Known and readily :- 

available from,; for instance, tAe, American Type Culture : 

^/ ' incorporated here** 1 %• ;;:ref e^ence . • . .. 

:-15^V' /^Ipr^ peptides - of the . 

•• : /present ^nvlnS^^^ 

terminal residues. will be well understood by the artisan, 
t the m- and C-termini may be modified to alter physical or 
chemical properties ?bf ^ for example, to 

affect binding,Jstebili#, bioavailability, ease of linking, 

and the like.;.-':' ■ 

Modifications of peptides with various amxno acid 

^nineties or b-amino acids , for instance at the or C- . 
■Wrminl!; ■^■^^^^^mr in increasing, the stability 
of the peptide in viW. Such peptides may be synthesized as 
"inverse" or -£ii&6*$o^**l f orms, : that is, by replacing L- 
/^•^aiinb. acid^o€a*^ reversing .. 

' the! sequence of the amino acids and replacing the L-amino 
^lids wit^ famine acids. ?Asrthe D-peptides are substantially 
30 "more resistant to p^idas^,;C and therefore are more stable in 
serum and^tissue* compared Mtheir L-peptide counterparts, 
the stability of D-|eptides under physiological conditions may 
V; ^^cam^uM^^f^^ affinity compared to: ' 
toe corresponding ^peptide. Further, L-amino acid-containing 
^ide^'^ can be capped with : a D-, 

;aiuinojacid|b;| . ■ •./ ' 

.antigenic, peptide> ' : - . ; 
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' stability can be assayed in a number \p± : ^<^-.-. ■ . For ^ 
instance # pept idaseis and various biological media, such as 

stability. 

'/■^S&e Verhd^f et al. , iur* J . Drug MetaJb. Pharmacofciji. 
-5 ' V ll f 291^ et . al. , Proc. Soc. Exp. Biol ^ Med. • . 

-y- . ;li'fii : ; : : 98^i03 ( 1975) ; Witter et al . y • Neuroendocrine^ : ;, / 

/^^j^ al . ,'• -EtiJT. J. j*arinacol . 70 , 531^540 { 198 i) 7 

V-v^^^^ itarv::^ ,251-25?^ ; 

. ••?{':; !" = - : i^c^^or a t ed " her e in • by ;>r inference ; 

'^.^ stability m Introducing . • 

Hy-;^^ aqid re s idue s { a t :• • -;thei;c >. and N termini .p.f|:t^^ . 

•C^^S:--^ ha 1 f 1 i f e of Lr ^irip JV-xv ■ 

^ vivo ; arid in vitro, when incubated; ;.. 

|h s^x^-coht aining medium, can be extended considerably by 
• ;Wrer^^Xhg^ the peptides resistant to exopept idase ;. actiy^y-l^: x 

termini. . : . 

The p^pt or analogs of the invention can ■ 
20 mpdifi^ the order or composition of certain 

■. ■ ; > : : ilfc.- 1 : iia^e.^n^ ireadily appreciated that certain amino acid 

• • :• ; yreiid^ix^t es s erit i a 1 for biological activity, e.g. / those at ;. • 
critical contact ^ not be altered without 

:. v-^,ein ; :' ; : adyirse ittect on biological activity . . • The nohr critical 
••;2S^":^ nee(3 hot be limited to those naturally occurring 

In jprbteins^ such as L-a-amiiio acids, or the ir D - i s ome jt s , ; ^uit 
m^ laminbV ; ;acids- well, . such as ^tt^^;;::;^;^ 

^■■^■ ^ we 1 1 -as- many der iva t i ves of • L-a-amino ac ids ; 

' \ invention ma^ 

b^tfc ■ : : : :/Mm^isB . either L^am^ ' acids , . but not 

^allKcr acid^'::;vitfiih';> '-'cp^^'J^indi^-.' region . 


• CTL PEPTIDES 

'VvkS may be Administered with the pari DR . 

: '3'5:^ : '^ to enhance an immune responses CTL 

e^ of antigenic proteins can be used in 

•; I^i^ pf the present invention. Examples of suitable 

Antigens include prostate specific antigen (PSA), hepatitis B 
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core and surface antigens (HBVc, HBVs) hepatitis C antigens, 
Epstein-Barr virus antigens, melanoma antigens (e.g., MAGE-1) , 
human immunodeficiency virus (HIV) antigens and human 
papilloma virus (HPV) antigens. : . 

5 = . in certain embodiments the CTl| peptides of the 

invention are derived from within the; HBV surf ace antigen or. v. 

, ft ; the nucleoca^sld jpolypeptides/ core arid precore. : ' In more , 
preferred embotiiients described hereiii the C^^indUc|h| " :: 
;-ftft j^ptides are derived from the region tof HBenV3 0 9-328 (peptide 

ioi#W&^ 

llW^oy, or*he region HBCg^ioipeiptide 802.03) , where the s 

:ft#iSuB^^^ 

: ( 197$) ,!' ; whf eh' is incorporated herein W: reference . 

C^ p^tides comprising ^ a t^l 
synthesized and ihen tested for their ability tiindj^o;,^^^ 
Class I mbiecuies in assays using/ for example, purified clas? 
I molecules: and radipiodonated peptides and/or cells 
:«^e»sW&n?ty : class I molecules by> for instance, 
immunoflibrescent staining and f low microf luorimetry, peptide- 
depehdeht class I assembly assays, and inhibition of CTL 
m Those peptides that bind 

to the ciass I molecule are further evaluated for their 
^ ability ^ f or CTLs derived from infected or ^ 

ft:ft ••immu^ize^iilnMi^svA.as we'll as >fo^ their capacity . ; ^4^g*| 
25 primary in vitro or in vivo CTL responses that can give rise 
ftftW^CTL populations capable of reacting ^ith yirally infected v 
'i|a|?et .ceiis^ : |r^tumo^ cells as potentiaifto^ 

,;:iThe^«neJ;<b'r';more • CTL peptide may be administei:*! with. 
5 fi^ mixture which may or may not ft 

involve noncovalent associations between the peptides. For 
instancl, lone or more of the peptides may be lipidated as 
described feelow to facilitate association between the 
peptides. Alternatively, the peptides may be covalently y 
linked to form a CTL/pan DR conjugate. 

To facilitate the association of the CTL peptide 
with the pan DR peptide, additional amino acids can be added • 
to the termini of Ithe CTL peptide. The additional residues 
can also be used for coupling to a carrier, support or larger. 
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peptide , for reasons discussed herein; or: for modifying tJie 
physical or chemical properties of the peptide or 
oligopeptide, or the /'.like-. Amino acids s^ich as ^osine, 
cysteine, lysine, glutamic or aspairtic a?id; or the li^e, can 
. :'be-- : introduced at;;the: c4:^r> N^term|hus;^bf : : the'! P|Pt| de . ■ %: 
Oligopeptide. '■' in 'adiitibWi: .^e^ 
Sequences can dif f er/f r^ml^he • hafe 
:|&f-ied^by 'terminall^^ 
fspthioglycb 
: :^ai&bnia ; m^hV latoi^ 

fflific^ lihkii^^|:; a| :jpu£j^^< 

'• : : other molecule . 

• v as with the pan DR peptides , J it wi-li be understood 
t h at the peptides of the present invention or analogs thereof 
have CTL stimulating activity may be modif ied provide 
'c!^^:)/;.piher' desired : attributes, evg. , improved pharmacologic^ 
■ ' ' 'ctiaracteristicsy : whi^ 

; Substantially, all of ■ : ;the;Cb ; i^ib^ 

' ' peptide. • For ' instance^ the .peptides : c ; ah:?b e^mo^if ^d': 
S(j extending, decreasing or substituting in the peptidesri amino 
acid sequences by, e.g. , the addition or deletion of amino 
acids on either the amino :^|rminal or carboxy terminal end, or 
:;:: \:r. : : ;b oth, ' of peptides derived frbm -the: -sequences/- ;dis^^ 
W^i: I usually, .the. -portion of ;^e sequence ' which : ^^^^^}^}^yf--l 
life ^substantially ' mimic ..a ^ stimulating epi^o^l^^ 

A- : ^by : mbre than about 20% from the [i^^^^P^^^^---- 
!$S llitigehic pr6tein > except wh?re; ; *^ 

? • ' : Sld^ed : at .either'.'' t^rmih^s |f br^ 
'l\.Ov V;:; :physical or chemical properties 6f £he p|pti<?e fpr^ e.gi V ease 
; ;3 0V?- : .;; ; .of. linking or coupling, and the like. In thpse situatibns ■ 
! wjtere regibns of the peptide sequences are:- found- t^,^ v .. ; 
pbiymorphic among viral subtypes, it may b^ 
! rJ /one or more particular aiino acids to more effectively :mim>c;^ ; 
■""•'•'■d'if fering cytotoxic ^lymphocyte epitopes of different viral 

|35-: strains ' or subtypes. '• ' : •- • 

Within the peptide sequence regions identified by 
the present invention as containing CTL epitopes, 6 ^ ? >|HBV 
specific peptides; there are residues (or •tho^e^which? are: J > 
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substantially functionally equivalent) which allow the peptide 
to retain their biological activity > i.e. , the ability to 
stimulate a class i-restricted cytotoxic T^lyinphbqytic 
response against yirally infected cells or cells ^ichj express 
5 viral antigens. These residues can be idehtif |ed by single 
amino adid substitutions , . deletions , ^r insertions . - .. Ija ; \- 
addition; the contributions made by the side chains of tlie .:. 

■ residues can be probed via a systematic scan with a specif ied 
amino: acid (e.g. , Ala) . Peptides *£ich tpler^te multiple; *^ 

10 . substitutions generally inco^oratey such^s^stitutibns 

smallK relatively ^ e.g., Ala, Gly, P±o||or;. 

similar residues The number and |^^s of residuea ^ic| can 
■\ be substituted, • added or ^subtM^edJ: will depend : ; on : ;^l: sP^f . 
• . 'necessary between- L the :.' esiential ; ;^pit op tc,^^^.^!^^??^^^^^ 
15' ' cohf ormatibhal and iuhctional attributes which; are sovi^!: 
(e.g. , hydrophobicity vs. hydrophiiicity)- . If desired , 
' '". increased binding affinity of peptide ■ analogues to -it*/^;^. • 
molecule for presentation to a, CTL ,can -jiX^^j^^w^^-yj^ 
' ■ such alterations. \Generally:;;;;^ny; : :f j^^'?!^^ itut ^?^Su^^. 
20 ' addiiibhs or deletions .be^e^e^^i^--;^/^or. |;H: : ;ri= •.;:=;^. 
. cbhf brmationally : impo^arit:;;r£?id^^^ 

■ - or other moieties chosen, to avoid .st^icV^ndj charge 

' • interference which '■ might disrupt binding ; Peptides whic^i 
' tolerate ■ substitutions while^retainiiig • the desired b^pgical 
25 ' activity may also be : ' syn^|sizbd^ 

peptides, Cas described . above ?.;f 'qtf: Pan : DR ' peptide^. , . 

••• '." sThe-. peptides ?*>f- |^w^ii^^io^'c«i^ jbe : :;; : :^ 
• linkage tb form polymers (iimitiiers^ , b^lc^n^b^: f ormuia^|4-..:i^ : : 
a composition without linkage^ as an -admixture . Where ^he ;i 
30 same peptide is linked to itself, thereby forming a 

homopolymer , a plurality of repeating epitopic units : :are.;;^: ^ 
presented. When the peptides; differ, e.g., a cocktail 
representing different viral subtypes, different epitopes •, 
witihin * subtype , different; H^Jrestriction specif ici|;ies;;:j or 
35 ' . . peptides which contain T helper epitopes , heteropolym^r s wit| 
repeating units are provided. In addition to coyalent ^'('j;^ 
linkages, noncovalent linkages capable of forming 
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intermqlecular and : - intrastruclMrat bon^ aire ^also 
contemplated . .■ 


PREPARATION OP;ME-.CONJTWMPEa ••/. 

. - : 5-V.' : ; ' :As)nbtid;.kb'byey: : ;CT^ 

• -covalerttly^iinlic^ • 
con jugatis;;bf; ; the, invention. ; p Parti^larly^ preferred CMr //;./ 

' inducing p|^ides7pah; : . DR-^ 
: V - spacer . 'koiecvile P ; ;AIternativel^ : |. :^ei;;;CTL^eptid^; )*ay:' : be : 
\ . io ■' • to the pan DRrbindihg peptide without ^ Spacer . The spacer 
V-v typically comprised of jrelativ<Bly small, neutral molecules, - ; 
such as aminbracid6>or|amino:;1acid- mim^ 

^substantially! uncharged uhdeif*^^ and may 

have linear or branched side chains. The spacers are 
: 15 typically selected from, e.g..y- :Ala;> '£0p.or Pth.er neutral.^ 

spacers of hpnpolar amino acids or neutral poia^ amino acids. ^ 
in certain preferred embodiments herein tjhe neutral spacer is 
; : : : Ala. It will be understood £h^ ; %%? 

:'.' need hot -b^cp^risedi^ ^^'^^fS> : :X^ 

20 ' hetero-^or^ttbto^ 

' . . homo-oligombrs of Ala< , When present, the spacefill usually . . ■ 

■ be at least one .;pr.;. : two. : ;. residues, more ;us?iia^ly tliree to :; sixv.r v.- 
• residues. ■ iin : ; .o^^r-emto /.'V :: 'v 
conjugal tb ^e CTL peptide, ypref ^ably with^he pan DR- y 
25 binding peptide positioned at the amino terminus. The 

peptides may be joined by a neutral ^ as Alar-Ala- 

:• . .Ala ■ or ' thev like, and preferably fur^er'ibo^ainis;; a lipids//;-*. 
, ;. residue such as palmitic acid or the like (as described v ; 
- further below) which is attached tp alpha and epsilon amino ; 
"• 30 / / groups of a tys residue ( (PAM) 2 Iys) 4| ^§ich is attached to the ? 
. amino . terminus of the peptide conjugate, typically via Ser-Ser 
linkage Pt; the like ^ , . 

-. ; The C^L inducing •pepti^b;;may^: ; :;b^: linked to the •pan ; ; ^ 
DR-binding peptide either' directly or via^a;. spacer either at 
.^35", . . the amlribldr : carbpxy terminus of the^^^pepti^e. The amino ^ ; 

terminus bi either ihe CTL : in^ucin^ ; pepti or the pan DR- ;.^J'^^-^\. 
■ binding peptide may acy lated . ' In additioh, the CTL . 
peptide/pan DR-binding conjugate may be linked tp certain 
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alkanoyl (Cj-Cjo):. lipids via one or more linking residues such .-j- 
as Gly, Gly-Gly , Ser , Ser-Ser as described below. 

In some embodiments it may be desirable to inclu^ 
"•' : ::{in:the pharmaceutical coi^osif^ of the indention at least . 

: •Jr,' I one component which ;assis^\! ; ; ih;^riming CTL. .g^Li^idSr have been 
: . . identified as agents; cap^l^ of assisting the priming CTL in \'*y-y 

r \:'^y- vivo against viral antigens . : ' pFor : ' example, palmitic acid ' 
%i''-'Z;x&itoto-ti&-*e attached to the alpha and ;epsilpn amino groups : 
%=Si- of. a : Lys residue and then litoe^r e.g^^^ more • . 

' io linking residues s^ Ser-Ser,; or the ,;. ^ 

^■%^M, like, to ah immunogenic 
:^ri;t£ev'ifoected:^ 

into a liposome or emulsi^ :yf^%'fi 
■ . Freund^s adjuvant; : : In : ;a-: preferred embodiment a particularly : ; 

15 effective iimuunogen comprises palmitic acid attached, to alpha ; 
\ ; -- : :,/ : :'':'C'.;ahd epsilon amino groups of Lysl , whicti is attached via 

linkage, "*ig*/., Ser-Ser, to the amino terminus of the ■ ^ 
immunogenic peptide i 
■ ^l^y-y;^:^^ As another example of lipid primihg of : ;CTL;.;,::-.: ■ 

. V':20*- /*: ",. ■ responses, E. : coli lipoproteihs i such as : • 

used t<> prime virus specific CTL when covalently attached to 
: an appropriate peptide . % ?ee , Deres et aJU , ^ature 3^2 / 

561-564 (1989) ^ incorporated herein ref erenc^. tep^ides of 
. 25 ' the invention can be coupled to P 3 CSS , for example , and the 
y lipopeptide administered to a|: individual to specifically;., : 
prime a CTL response to ; the target a^gehV;i;Fu|l||r, : as the 
induction of Neutralizing ant^ wi th 
■ P 3 i:ss conjugated to a peptide which displays an appropriate 
. > epitope, : the twovciaipositions c«an be combined fp more 

effectively elicit both humoral and cell-mediated /responses- to ■'■ 
infection. 

;: ' ; :i^s£il: ''The pan DR^indin^ peptides of the pres^ . 

: ^aj}d;:pha^ 

; :':>^inistered>to: : main^ ^iJfW ' 

' and/or therapeutic pu*pps;es; ; gT)^ £'= 
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to enhance immune responses against other ixnmunogen^ 
administered with the peptides . For instance, CTL/pan DR 
mixiiires jmay lie used to treat viral infection 

and cattberi- Alternatively, immunogens which induce antibody 
5^^ ^ Examples of diseaises which c?th be 

'■: ; : , te^a t ^dl u^iiig' the immunogenic miiKi^^s of pan DR peptides and 
<^ include prostate ca hepatitis , ^ 

C , AIDS , renal car c inc^ carcinoma , 

- : ; lymphoma ,' ■■ CMV : = and TOndlylbma acuminatum . ■ .: 
ab :; :V';;.^,;. : : : ' :: ' The pan DR-bi^ may^ als<^.b^^ 

';:; : ;:irv>:;-treat a variety of conditions involving unwanted ^ 

usihg 

'i;::;3M-. paii DR^bi^ 

rtieuma 1 6 id Arthritis and myasthenia 

15 gravis) , allograft rejection, all^ (e.g, , pollen 

allergies) >lyme disease , hepatitis , LCMV , post-streptocc>ccai 
endocarditis, or glomerulonephritis , and food 


In therapeutic applications, the 
20 cbmpositions or the pan DR-binding peptides of the invention 
arb administered to an individual already suffering f^am-y - y- 
cancer, autoimmune (disease, or infected with the virtus of 
interest Those in the incubation phase or the acute phase of 
the disease : . : ^Y^bfe treated with the pan DR-binding peptides or 
25 .;i9mu^ Separately or in conjunction with Qth<er 

. : treatments, as appropriate; V. • 

^ I applications 
imnuincig^nic compos itions are administered tp v.a pa^i^rit^ ; ;in;i;an' 
amount sufficient to elicit an effective CTL response to the 
30 virus or tumor antigen and to pure or at least partially 

arrest symptoms and/ or complications^ S composition^ 

comprising M 

amcmnt supic^ the 
symptoms^ . An ; amwnt 

35 ; . ■ • adequate ^twwm 1 ^" thi^ ^ "therapeutically 

effectiy^ this use will depend 

on/ ^.g^ composition^ t^ of 
administration, this stage and severity .-of : -the' disease ^eirig 
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■,V^ : '.'.;ir i v tr^atied, the weight and general state of health of the 
patient} arid the judgi|ent of the prescribing physician. 

Therapeutically effective ' amblings of the immunogenic 
; compositions of the present Invent ion generally range for the ;| 
5 initial immunization (that is for therapeutic or prophylactic '^^^ : f^^; 
: administration) from about 1.0 /tg to about 5000 #g of peptide 
'^■ : y v W?> for a 70 kg patient, followed by boosting dosages of fzrpm: 
> . about 1.0 pq to about 1000 pq of peptide pursuant to|a 

boosting regimen over weeks to months depending upbnjthe ^ 
10 patient's response and condition by measuring specific CTL 

- activity in the patient's blood. |Y : -f . V- : : : . 

-^0i:'-[ peptides of lie preset inv^nl^ 

; 0. i mg to about 2,000 mg of peptide per day for a 70 kg ' 
:. 15 patient/ with dosages of from about 0.5 mg to about 1,000 mg 
of peptide per day being more commonly used^ 

It must be kept in mind that the compositions of the 
present invention may generally be employed in serious disease ... 
states, that isV life-threatening or potentially:;, life 
20 threatening situations. In such cases* in view of the 
minimization of extraneous substances and the relative 
y-:MyL: nontoxic nature of the conjugates, it is possible and may be I- yWi^ 
felt desirable by the treating physician to ad^^ 
substantial excesses of these compos itioris. 
■ 25 .-' " : For prophylactic use, administration should begin .at;^ 

h. ■ the first sign of disease or the detection or ; surgical remo\^l|[- |J 
'. of tumors or shortly after diagnoses in the case of |^^»^.^_ 

infection. This is followed by boosting doses until at least | j 
symptoms are substantially abated and for a period thereafter. 
30 in chronic infection, loading doses followed by boosting doses 
may be required. 

■ Treatment of an infected indi vidua 1 with the 
r - : \ compositions of the invention may hasten resolution of the . 

infection " in a^tely injected individuals . J For those . -t 
■ ■ ■ ■ 35 v individuals susceptible (oi predisposed) to developing chronic^;? 

infection : the compositions are particularly useful in methods |/ ; 
for preventing the evolution from acute^;|to^ ; chronic |^nf ectio^> 
Where the susceptible individuals are; ide^ °^ 5 
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= -^during; infection , for instance, as- described i'K^in/^ie;::: v\ 
: ; composition can be targeted to them, minimizing nee^ 
administration to >a- larger population. • 

;• : ;^e peptide' mixtures or conjugates; . can|a|So: : ;::be - :used $ . ,-. . j-;, . 
■■:::iyi*-r§at the. treatment of chronic infection and f o stis^ate the ::. 
" • • - L j| 1:|mmuh6 : :^yilem.- ; tb. -eliminate /vi^ & 
?| !;? p : : :;! |lt : ': • Sportant to :-:prdvid¥ : : : 'an |y^^ 

■ peptide in a formulation andv.mode : 'ot/^^^^^^Hoin^.. .. 
:^tK°';:S^:kiff;ecyiyely stimulate a cytotoxic ^;ce|l jf^H^lg^^.^^:, 

j& thi range of about lip /tg to about 5000 -jug, ; ; pr^^a^' 

/'.V, ^'/intervals,.: e.g..,. fro* one' to iour weeks , -fmay :be;^e^i|r4d ^> t; ; 
' 'isfSpssibly ' for :. a prolonged period of tine to ^^ctiyely. • ' ; ♦ 
• : ^vS\:immfeze:;an 'individual .. ■ = In tne^ase of .chronic;: :i^|^c||ph> 
• ' :;: i"||iinistration should continue^ until at least clinibal :.. 
: :- : ^ v A W :^ : S yni^s ? :;or laboratory *est*: indicate |tot ^ : vlrj^|nf e|t|on ■ ; . 
b^ eliminated or isuSstan^ 

■■■ ■ 20/ ■" thereafter. . 

- The pharmaceutical composi^ 

■ :<-:::j;|:^reatmWht -ire. intended ^pr parenteral, i^picggf 9^ 
3 > : ' : "| : iadmini5tratipn. ; - Preferably / Me :^hapaceut^cal; : c^psitipn* ^V; 
administered ' ^r^nterally/ie^g lntrayenou|lyy 
' : Z 2 iWiiMrM^^ly f , ihtra4er^ally>;;;'^i ; : : intr^ . 
"■;[ invention provides compositions for. parenteral adniihl^atiph 

'c : ompr ise'' a ,solutibn:Vo| ;:£he, -p^ ' t 

IcIh^a-lTillhlS acid and ttie|||^ . 
I: ''^f ^ '^X^t^iii^ed by corivenViohai, /veil ' known :;steriiiza^ipi| : ;:; f 

W^Uchxii^s, .or may be sterile filtered. MMMi4 
Solutions' may be packaged i for use as isV; or lyophiliz>d; the 
■ ' ['is: : > iyophiiized preparatioiHbei^ 
-••■ : ' : V : '-; : '- /prior-- to Administration v. ;; \ : .The--;C^ 

.■ : :..ii^ar«aciutlcally acceptable auxiliary substances-as 
to approximate physio lpgic^conditions, : \ 
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and buffering agents # tonicity 
• ■; : agents and tte like, for • examjii^^^ 

lactate ; sodium chloride, pbtassi^ ^ 
chloride, sorbitan monplaur at e; tr ietAanplamine oleate ; etc. 

;:.;; : .5:>.,... ■ : Vhe concentration pi pan PR and/ ^ . 

;•• or at least about ■•2%'tb'^ 

weight, and will be s^ vol.uBies, 
10 viscbsities , etc . , in --accordant 
■ . ; 4a<^inist^ 

: ^^:^- : $&6 } i>e\ administered via liposomes, . whic^ s^ : :t^: : :|arget ''tt^.^ 
^ohjugate^ t^ 

15 . tar^^ed selectively tp infected del i^y i a as increase .;-vy 

the half-life of the pept ide c<^bf i^ibh . Lip o is ome s ittp lude 
emulsions, foams, micelles , insoluble mp^ 

crystail0 y phospholipid dispersipns ^lamellar layers arid the 
••like In . 
20 ' iribor£b*ated is part of a-: : ;iipb&^ 
■■\;' :: -;;.;>- : with a molecule which bind3.;tp : ^; Wig V , -a^fec^ 

among lymphoid cells, such a$ ^ bind 
; : ;''- : .:to : - -th<^^ : or ;witri;;:; ^'"^ 

compositions. Thus> liposomes fi 11^1^ a desired peptide 

25\ - ■ 6±; conjugate • of the inventiori^ ^ ".r. 
lymphb id cells, where the lipdspmes ^en <ifeiiy^ the selected 
therapeutic / immunogenic pept ide pompo^it ipns . Lipbspmes fp^ 
; : ,use:; : ;:in^e^ invention's^ 
.' lipids ; iricli^f^^ 
30 phospholipids and a sterol, such as cliolesteroi^ The 
- : selection of lipids is generally gu^e^ -by 
e.g., liposome size, acid lability arid stability of the 
liposomes in the blood stream. A variety of: methods ^rf 
. ' available f br :preparing'''\lipospme^ 
35 •; ; ■ szoka et al . : f -,,Ain'v':i?ev . Bic^y^ ; ( i^80i ; ,;^:^-;S* j^. 

Patent Nos. 4,235,871, 4,501/728, 4 , 837 ; 028 ; ^ and 5 ,019 , 3^9 / 
■ incorporated herein by ■-•reference^:;;;/: 
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For targeting to the immune cells, a ligand to be 
incorporated into the liposome can inplude, e.g. , antibodies 
or fragments thereof specific for cell; surf ace determinants of 
the desired immune system cells. A liposome suspension 
5 .. ' containing a p#p£^ 
"'■ ; V' , intravenousl^, locally, ? topically, etc. in a d^e which varies 
accbrding ^o^';;^^ the ". ■ 

■ : : '.'conjugate biing ^llyered ,^ a^ *he ,st:|g||plE ; t^e diseaste bei.ng ; 

treated. " . • : ■}., • 

ip K ;,->Fbr solid compositions, obn^ nontoxic solid 

;'/:/ carriers may be used which include, | for example, 

:£$pi& phar^ceutibai; ^^Mi^^i^^^M^^^^M^ * a ? neJ?i ?™ : 
V;: :.syari^, : ^ : s^ii^Is^ '. 
' sucrose^ magnesium ^ar^bna^te/ ' and/ v tiie lilce:.^ '•: For ::oral ;V ' : 

Jisf ■ " ':' ■ • adaiinistratibn : , ? V-ipj&iwe^^ : / 

composition Pr£ed^ : by^^ ''■./. 
'k employed excipients, such as : those carriers preyibusly listed, 
ahdX: : gehe^ 

■>P^ : . • more" conjugates' '.of fine- cinven^iw a ■ 

20 ; ; cbncentfation of 25%^75% . 

'' : ' ' ' ■ ; - For' ''aeros'^ 
' preferably supplied in finely^ divided form along with a 
h-, : surfactant |hd -^of^^ conjugates 
•>=S%S 'ari;.- 0 . 0i%-2Wby;: ; wIip^ . 
25 'must, of course, be nbhtpxi#,^a^^ % tne , 

... prbpellant. ' Itepresent^tivfe^ are ^e esters pr 

' • pirtial esters^ ;o ; f'- : 'faft^Mci^ 22 carbon 

linbleic , linplenic , |l|steric $ and • oleiflclds w|.th an- 
3 p aliphatic polyhydric alcohol pr its cyclic anhydride. Mixed 
■;^}: /: V esters, such as 4ixed or natural glyc^rid^ m^ be employed. ■ 
" The surfactant may constitute 0 . 1%^2(& ; *yi*|^ of ^ e '." 

composition, preferably 0.25-5%. '^The^ Glance' Pf|the l . 
: cbmppsitipn is ordihar ily-propellant ,'; A; carrier ? can also be 
' 35 included, as desired| as with; e.g, , 1 
■ delivery. 

In another aspect; the present i inventipn is directed 
• to vaccines which Contain as an ac1:i^"in;gre^iegt an ; 
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iBUduhogenicaliy effective amount of an iimurioge 
pept ide w a CTL\pari DR peptide conjugate as described herein. 
^ into a host;, incliidi^g 

humans, linked to its owri carrier or as a homopoiymer or 

5':"' v h^ units . Sucti a po lymer has .the 

;:; F;^ ;; : iiicreasld ; :::iii 

lb ' cells ; U are well knowxt in the art, and 

inciude^ e;£^ ; such as " bpyii^ . 

■ -vllalij^ acids .such as.. ;': 

VV ;: /^;lj virus. 

^■.W and>:th^ ;;;like v: : -^ 
' Is/:;' ' : : V:^cci^s/can also contain 

(i^ept:able ) ; diluent suqli as y^ter 

. ,. ,::qr : : ; j;al-i^ adjxiyant- 

phosphate, aluminum hyd^6xide> or alum are materials well 

20 • ^.kn^^ •". -Arid;; :^;as|me^ " above , CTL responses can 

^ 1^ ' ■ 

such as P3CSS- 

; ; .' : £si^ transdermal 
or other route , the ^ the 
25 vaccine by pr oduc 1 ng 1 atge ^b^nts of CTLs specific for the 
• • des ir ed ant ig^h ; ; i a^ the host: ib^ ■ least pai^tia^l^ 

• inunune to to de Y e l?£i?9 C^^Ohic 

;V.,; infectipn> V : ; 

: ;^p:^ye^ix^' compos itidhs cbntainiri# the pan DR •; pep^ ides 

30 ;. |; ;;<>fx^ 

'^£$0 ^^ise^at> risk:;' of lf(i^^ infection or ■ ■ 

' dancer.' to : el the antigen and 

thus enhance the patieilt 1 s own immune response capabilities, 
such an amount is def ineii Effective 
35 , -:dose . ■? iri'v-this ;usev : the precis again depend oh the 

• patient 1 s state of heal^ and; W the mode ; of . "• 

administration, the nature etc. , but 

-; : : ; generally range from about : 1 v0 fig about 5000 jug per 70 
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kilogr^ about 10 /tg to about 500 

-■''.:yif^P^'i:-^^^\' : 9^ body weight . 

to combine the 
pe^ti^ of the invention with ^ y^ which i 

•■: : ; ; ; 5-' neutralizing^ a tli<e virus of ; lnt^6stv : ..^^: : ; : 

psurticiiiail^ ' : - v ; ' - 

yfVWW^x^: therapeutic or ipmuriization. purpb 
^•^ ; -v'.;^ept : ide^;; 6t ' the invention can also be; /expressed : .by : : ;it^enuat ed:^ 
:::v-:-\-: : : %^ as;\yaccin^ 

10 irivo 1 ves the use of vaccinia iv^ vector .to'- -.egress :;:>;••' 

nucleotide se^erices ttat^ encpde the pept ide s p f the 
^ \ -•Upon;' intrp^ct;ipn'- into ah acutely . 

vaccinia virus expresses the immunogenic peptide , and thereby 
15 elicits a host CTL response, Vaccinia vectors and methods 

useful in iinmunization protocols are described in, e.g. ,U.S V 

Patent No . A t 722,84&, incorporated herein by reference . 

Another vector is BCG (Bacille Calmette Guerin) . BCG vectors 
'V tatW^ 351, 456-460 (1991) ) 

20 ^ 

other vectors us ef ill for therapeutic admin is tr at ion or 
immuni z at ion of the peptides of the ihveivtibn, e.g.. 
Salmonella tyjphi vectors and the like, will be apparent to 
those Skilled in the art from the description herein. 
;>^ : : ; ;: ; ;25 ' ; ' - .. i con jugate^ may be : used' to elicit CTL ex 

. the Resulting CTL; " can be us^d t io treat J^fi:^-:^; 
infe^ bacteria 1 J ; ^ timor s in ' pati^n|js . 

that do hot respond to other conventional foiTiis of therapy; or 
will not respond to a peptide vaccine approach of therapy. Ex 
:3Q vivo CTL responses to a particular pathogen (infectious agent 
or ^ in tissue culture 

W%r<: ; the ;pa£||^ together with _ a , ' 

/ ; ;^>^^ bells (AP 

: ■ ' 1-4" vr|^ks):f |ln' : . which-,*^^^ ■ac^iva.ted'.-and. : ; ;.^;:^>\ 

. -, : are infused • 

-celllfanv ^ br a tumpr ce 1 1 ) . . - 
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■ ":. The peptides of this invention may 
make iiorioclonal antibodies • Such ant ifeodle's^i^y^^ig* 5 p : u^e*ui-^s , 
pbt^rit^ therapeutic agents. 

■ Theip^ptid^ may also find use as di^ : ' 

%;5i;|f | exa^lie,. : a peptide of the in^nt ibn m be^us^d : 

pajrti^lar^in^ 

V;.;^;l^ employs the . peptide or ^lit^^ 

may b6 helpful in; -modifying an existihg 
• determining a prognosis for an 

tA(e peptides m : be'- \ 7 

: :tiji : j ;-i>re<l ±ct which "individuals will be at substantia risk . 

The f iilSwing e^ are of f ered way of : 

^dlno^-by- way . of limitation. 


15 


20 


EXAMPLES 

EXAMPLE I 
Experimental Procedures 


i.t£&i&$iri*&- and' ' MHC Purification ' 

' : '^i:<^Ve^io\i3 cell lines were used as sources of purified 
. -C^S^^ arid;|^ molecules . The ^folloying^^ 

;Ti^st#in-Barr virus (EBV) transformed homozygous cell lines 
■h 5 - ; - • - : : : i!were- ".x*se<i' : -as- sources - of human HLA class 111 molecules ( Vail i 

^f'!-: : : ' [DRBl-0701 (DR7) J; PF . 

& (DQ3 ,1) • In some - instances , transf ected 

L416.3 [DRB5*0101 (DR2w2a) J ; TR81 . 19 
;A ^DM3*0ioi' (DR52a) ]; and L257.6 [DRB4*0101 (DRW53);1 

liv.;^lec^les # . the following cell lin^s were used: 
(Sette ;;et- ; al . , ' Science . 258 / 1801-18Q4 , : " 1992 ) ; 
S^:/: : ^ i34tte et a 

1992); 'and DB27 . 4 ( lA b ) (W^ll et ' 
1994).. 
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II. Purification of MHC molecules 

ifflC molecules were purified essentially as described 
(Gorga et al., J. Biol. Chen. 262, 16087-16094 (1987)). 
Briefly/ human class II molecules were purified by affinity 
: 5 chromatography using the LB3.1 (all DR, Valli et al .., j^Clin.^,:.. 
V^S'-f^ or the iypi2 <(pQ3 v .-i, : ^^ 

: J0 Jiil'^l^litonol . 152, 451€^4S25; (l^*)} 

: , /.' •k^sijdia^ - ; ' -.^fe^r-l 

-V '■ : . ■. o ; ^ ! ;' i^ltt e ■ : et: ^ai . .;> . ' ^iejicei : ^58 : > ; : ;::: : 3Ja^^;-i;i 804 : :> > : r| : ?; .. ; " .' . 

" :f •• -. : ' ' : ^ ;ib : : r'^SeSt ejf '^t: : ! | Jt :^i>;. ' r#fJi»r* ) > ' " • 4:4; ;-f : iC«E^ Sette^ al., ; 

supra) ;! arid Y3 JP : (IA? , Wall et al . ^ Int . Immunol . 4 >|7^3-777 
: , (1992) itmbnoclipnal antibodies. * 

;\- i$:^. Peptides were synthesized by sequential coupling of /: 

N-a-Fmoc-protected amino acids ' on an Applied ■ Biosys terns 
(Foster City, CA) 430A peptide synthesizer using standard- Fmoc 
,-.rJ'V----::;: : :-. ■■ v $$i>i^$!tti** (software version 1 . 40) • All ,am^;; : ac^ds^ : 
W^ySP<^ were ; obtain^- : irpm : : -:Appl^^ 

"':''h ^-Mfci. : ;^^a;;\:Blpchem (San .Diego, CA'j .:Solyen£s were-- bbt^in^ -:|r^ 

] ^'^iidji- s^icJcson . ■ Solid-phase synthesis 'was -staged jttof ; ah ;*| - 
^.^apprppXiately . substituted Fmpc-aminp acidrWang resin. The •: 
• ::; ' ; :''- : '^l&d&g : ;pf ' : ^he- starting resin was 0.5^0.7 mmol/g poiystiyrene, ■■ 
and 0V1 or 0.25 meq were used in each synthesis . : ' A.v§^|^:^;:. : :; : >! 
25 reaction cyple proceeded as follows : The N-terminal Fmoc 
■ group was removed with 25% piper idine in diinethy if ormMide 
(DMF) for 5 miri, followed by ano^r treatment wi^:;25| in DMF 
f or H5 miri. The ' resin was washed' 5:. : ;:££^m ; 
f " melnylp^rblidone (NMP) ' solution- of a 4 to I0rf Pld expess pf a;;|::V 
■ - ; - 3 o preformed l-hydroxybenzotriazole ester of the appropriate ; - 
^. ^.pnro^amino acid was added to the resin, and ^ mixture was | 
;-:;ih jX;;!.: ft^iki iidSfi <^ : ^1=-<? - -react fpr 30-90 m^n. : ;|: Thb ; r resin::wa^ 

in preparatipn fpr the next elpngatipn cycle . The fully 
; ' V ' : 'K ; npr^eP^di^reslri^bound peptide was subjected to a piperid^ne : -:.< 
-35'-;. ' :^pie : f;tp; : :;r^iiwve the terminal Fmop gfpup. The; ^o^^^as^p- 
w^fl^e^X ; w'i^!& - : ',<a±.cl»Xojro(m«tlwi»»« and dried. T^e resin ;wasy-:t^^ 
j tjEeaited with tr if luorpacetic acid in the presence cf 
.'•t ;ipp ; r ppriate scavengers [e.g. , 5% (v/v) in water] fpir 60 \^t< 
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20°C. After evajporat ion of ; exoess..;trif^ 
crude peptide ' Was Washed with diethyleto in ; V J 

water; and lyophilized . The peptides were pui^ 
; homogeneity by reverse-phase HPLC using 

. 5 . containing 0.8% TiFA modif ier on a ; ;%dab,^ 

preparative column. The purity of the sy^tli^ic peptides was 
assayed on ah analytical reverse-phasic^ 

' ^equehcirvg. : ; Th^ : -;C^ibhe 
: : V : ; :; .:• procedures was piirchas from Nova iaibchem (San bieg^^ 

' excess of : palmitic ipid and ' one-fold : -;of%:t. 
v'. : %'5 't ' diisopropylcarbodiimide . in dichloromethane fpr^l; hi:. 

VS:'iy* MHC Peptide Binding Assays;.,;' ■ 

■ : Pixr if led mouse or human clasps II molecules - 
•v ; s ; ; : ; ". ' ■' nM) were inculpated with 5 nM 125 I-radidia^^ 
: /:"^i0 : ' ' hr in PBS containing 5% DMSO in ' the-;pre?e^^^ 

inhibitor mixture. Purified pepti^e^ were ibdi 
i.^v^^:^^'- chlpramine-T method (Buus> et • al . , . . : 

.'• (1987) ) . ' The final concentrations of protease i^ 
: were.: 1 nM PMSF, 1 , 3 mM 1.10 phenanthrplo^^ 
. P'iJ^-^y A, 8mM EDTA, : 6 mM N-ethylmaleimide; : and; ^ 

;': Na-p-tosyl-L- lysine chloromethyl -ketone* '■■•[. Final detergent 

concentration : :(in" ::: tte^^ 
] : (iA d and IaH) ; :br, 0. : q$%:YNP-4P (all other class I| mo^c^les)'-^ 
Glass II -pejp tide complexes ' Were separated f^m : ;|fr^ ^-.g^ 
Y'^^^^'^'^g^ f iltration oh Sephadex G-50 or Tj?iciboq colimnsr ^arid^e-v^ 

J- ' fraction of -peptide; bound was calculated, ^^wyio^ly. : "Sf " 

yy- . described ;-. (Sette = et al., J* Immunol .:ri42 : / : -0z0\\. (^89) ) • ; ; in. . ; 
preliminary e>cperixnerits f • each of the DR preparatipns was : 
' titered in the presence of fixed amounts of ; rad^ 

•• necessary to bind 10 to 20% of the tpt^i ; m All [ 

subsequent inhibition and direct binding ^ 
performed using this class II concentration . In t:he 
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inhibition assays , inhibitor* peptides ^re .ty^iialiy:;;-1:e?te'd 
at concentrations iranging from 120 /ig/nl to 1.2 ng/ml. The 
data were then lilotte^; and the dose yielding 50% i^ibitibn 
was measured. Each peptide iwas ' tested in tvq^^o^r:^:^ 
completely, independent e^eriients. '.. 

As used herein binding at <50 nM constitutes high 

faffiriity v and "bihdirisiyiM 
affinity binding.; 


VThe :/cap^city^ of ^pjBp^^^^^laclt - : thej:;ant^ 

iS^vH^ was = ^f^y^^'i^^^^^^^^Jf; 

P':H^l£trea^ 

15 with inhibitor peptides in RPMI 1640 (Bio Whittaker^ 

Walker sville, MD) in complete medium containing 10% human 
serum (Gemini Bioproducts, Inc. , Calabasas, CA) . the 
c. inhibitor peptides were routinely titrated in '<Mf w^l^::U-bottpm 

' •<, .-plates': |eostar>/: -bamif idg'ej4 MA): ; ; .over y^M^e^f. -jf^P^^ipM^.. 
dilutions starting! at a conce^ '^'^MM^t^^A v 

with inhibitor peptide,v:as^^ ' ' 

concentrations of the HA, 307^319 pept^ . 

' ., DR52b) 6r HA 307-319, Y 3Q g>T (DR4W14) , pr Lol PI i7|-^ 9 ? f DR3 ) 
(Sidney et al., J. Immunol. 149, 2634-2640 ( 1992) )J|wlii|h, in 
v25^ :: :^thV : absence of inhibitor peptides , resulted . in 30-50% of the 
maximal proliferative responses This cpncent^t|on |^ 
J routinely 50 to 200 ng/ml. ! After y incubating J^e:;^h;' ; :peptides ; 

^.i-'a^ 

DR52b (Krieger et al., J. Immunol. 14^, 2331-2340 (1991))]; 
Clone 42.19 /(PI^U");;^^ 

The proliferation ' of the T cells was measured thr^e da^s 
later; Briefly, 24 hr after T cell addition, [?H^^idirte <1 
MCi/well) (ICN, Irvine, CA) was added to each well> f o|: Ja f * nal 
iff hr incubation. Cells were then harvested pn|;p glass fiber 
f ilters : ; (LKB Wallac cell ^ryester 1295-00 ^KB> f 
Gaithersburg> ; MD) , and tKymidihe incorp|ra£|o^ ; 
counter 1205) ' was * measured ^ "The -percent inhlb^onj^ 
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presentation was calculated for each dose of ; inhibitor peptide 
required to inhibit 50% of the proliferative response. 


-" 5 .-' EXAMPLE 2 ^ 

OR Binding Specificity of !•lmiversal• ^ Peptide Epitopes ^ 

. : The binding motif sipf ^several seiner and human class 

■ • • -h II MHC alleles have . been defined, and motif analysis by:l/^ 

10 . : sequencing of natural% prociss^ ■ also jre?ently|:\ , ■ 

^ : ^ beertf describaci for vi^iws class II types ^(Riidenskyy et:; : al ;r | ^.J. V^;£:.; : 

' ; et al. # Nature 3 59V 429^431 (1992) ) .kr 

■ ' 15 ; in the case of DR molecules in particular , it has 

- been shown (Brown et al ., Nature^ 364 , 33-39 (1993)) that a 
large hydrophobic anchor engaging a corresponding hydrophobic 
pocket of the MHC binding groove is the most crucial 
determinant of peptide-DR interactions. Several other anchors 
2b play definite, albeit less prominent roles and help determine 

■ allelic specificity. Recently it has also •; been emphasized : 
■ ; that the peptide backbone of the C-termtnal half of the 

. - peptide molecule is engaged in direct hydrogen bonding with 
••; the walls of the MHC binding groove. 
25 ■•■ Although the allele-specif ic polymorphic residues 

that line the peptidslbi^^ 

peptides, there are many instances i^ wni^ W given peptide ; 
has been shown to bind to ^ specificity. - This 

30 has been best doc^ehtad in the case of the human DR isotype, 

■ in which it had be^n previously not?<* t^ DR alleles 

■ ■ ' : appeared to redognike similar .motifs/- and independently , %^£^f^ 
.. ■• 'V several investigators reported deg^ . 

. recognition ;of certain epitopes^ife' the context of ^multi^l^^R^Vv 
• 35 types; leading to the concept that -ce^ain^pe^ides;: might v 
: ' Represent "universal" epitopes (Busch et ai.^ 

443-451 (19^6) ; Panina-Bor^ iter. J. Immnol. 19,? y 

2237-2242 ( 1989) ; Sihigaglia «t al . , Nature 336 , 778-780 
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' (1988) ; O' Sullivan etal. ^ J. Immunol . 147, 2663-2669 (1991) ; 

Roache et al., J . Ximnu . 144, 1849-185$ (1991) ; Hill et al., 
; J. Jmrauhoi. 147, i89-197 (1991)). 

•The DR blinding capacity of previously described tit*. ; 3: If: 
: 5 binding peptides cap^a^ iihding i^ one molecule 

(HA 3u7-3i*, TT 83>-84 3 6i5 378^398 , 'HI* 17-31 , andj HBVnc 50t$? : ;r i * 

• ^as 'established using the :;assay describetd in Example 1, ■ ■■ ■;, 
p^ragraph|y. f;The ; -data obtained (^ble II, section A) 

' demonstrate that -these peptides ^ were" indeed ^ capable :.^y. 
10 of binding several of the DR molecules tested, they failed to :; : 
:-'S^ : .:>- bind to others. For example, the HA 307-319 bound with high 

(<5p nM) or intermediate (50-r500 vtifaf affinity ,^^^:p^^^.f 
■; - DR5, DR7, ahd DR2w2ai and weakly to DRw53 (2.2? fitt) ; while no ;Ji^p:[t£&\l 
.; ' binding was detectable f br the remaining f our DR ... : : ■ 
15 specificities. HBVnc 50-69 also bound 5 of the 10 DR ■-. 
. specificities tested (DRl, ■ DR2w2b, : DR4w4; DR5# and DR2w2a) " . 
with high or intermediate affinity. TT 830-843 and CS 378-398 
. bound with high ; or intermediate affinity t? 4/10 DR molecules : ; %y:g-^{ : Z 
tested (DRl, DR5 , DR7 , pR2*2a and DRl, DR4w4, DR5, DR7, 
: : 20 ; ■ respectively) and " MT 17^31 bound with high or intermediate ■ 

* affinity to 3/10 of the DR types. " vv-: 

; in conclusion, although these previously described : /- 
\. ; : '•universal" epitopes bound to several DR types , they were not •. 
complete^ their finding capacity/ in that a 

• 25 maximum of 50%':;o;f^ ; ^e.':^^ecif a given 
■S^'':M^MW-:- : :^^^L^ with high tp intermediate affinity. 

EXAMPLE 3 " Uv;. 

Development of Peptides with High Affinity for Multiple DR • 
.. : .' 30 Alleles: 760.50 and 760.57 

A hw^r^ot'^^tidea capable of binding with hi^^ / 
affinity to the rheumatoid arthritis associated : PR alleles 

'fW^' [: . 'tmv ^generated. ; ; ;;?;!Te) 'produce-- these':;; • y^Af ■ ... . 

^/^K:35;^^ 

f':%.-^ al . , imo 9rl797-180^ in which anchor residues 

that contain side chains th^e binding |o MHC: are | : 

inserted into a poly^-aianine peptide of 13 residues. Two such 
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peptides, dfesi^ .' which are described, in s;. 

coperidij^ 101 and which ;were : f"" 

particularly interesting with regard to their broad DR binding 
specificity ; W tested for binding to a panel of "=.;._ 
piirif iied/'bR^ wa s f bund that , in . '<geine«^^ •• j 

peptides jbpiihd affinity and specificity ; 

^ ^ w un : ^ers^ ; above /(Tabie;-.y 

II "f\ section iB)v';;- Neither 7 60* W nor 760 • 57 wa^ ^0y;y :r -., 
crb^s-reactiVe > s iiice pnly low affinity binding yas deleted;; 
in 4 ^ :DiR3: # ;.; : pR52a>^ 




WO $^5/67707 


PCt/tJS94/10368 


-36- 


CM 


Q < 


I3f 
III 


CM » 

If 



■ ; ::.0.:ifb-: 

' :<n;tt; 


m v.* 

: . ; :-0.::v^ f CO ■ 

:. cm 2 • .<©.- •■ ■ 


•..•'•co.,'^' 
: :;. ; ;.05 

s§ 

. cSi ^ 

to;:;;.-. 

.-;cm""-; ; . CO : 

'i : ;- : :o v ':.:v->iv ? 

00 2 

NO) 

r< • 

g 

V: m <o m K »■;.; , • 
: CO rs "J o 

,.:,: c>:.«P V;r- «N:-':'V.;,\. 


' . CO 

;.• co 

.-■•-f^-cb? 

CO 0 

•:;..:--r--«M: 

DC 

Q 



10 

CM CM : 

'rr- : 'eb i 
" : ;x:cri;,r? 

g 

• 10 CM . 

0>' : ^'' ; " :: 
(O CO 

" : ''■'?:■*■ co 
ui CO 


■1 


CO. 

CM? > 

• : ;> - :; ^0:OO; 
CM CM 


s 

J ; l g ! 1 

6 O 

. ••CO CMi:::;, 

: ■■ O O 
-^-ooo. 

CM 

:.:o : ' 

<o 

• :• co * 

: JO v'; 

m 

g 


o> o> • , : 

CO fS 

**** 


.. . o> 

; ;^f>CM' 

g 


■ ;liJ;. 

■"■ CO 

:: : -:;;.co:co 

• ; '■ IT cM 


h S: Ui > O 

5i fee a 
2505 « 

- eg 

* — < 

■ <5 
< 5 

m 





x>< 

:,:><S 


^6 

g .<» 6 d>:S2 2 & 8 ST ~- 
£ P 0 £ 

10 10 ; 

;: do 

CO CO 

r** in. 

cd cd 
00 

; . . tn cn 

■;::;|o.;-g 

si 


2 

s 

o 


1 
i 

- : -*>:; 



WO95/07707 


PCTAJS94/iO»W 


V> Development of Peptides with HigV Af fi^it*! ^ 

Alleles: 906.09 • and ; 906';;il/: v: - . 

'. •..•5..- : ' '.To further broaden specif icityitt^ ?'06 . 11 

t i "^^idesiwere : ^synthesized , ,in^ic£. ;a^ 
•: pbsitibn 4 :: of :-. : :the; : : '7£0j^:- : :p 

s ; = iS^ing . af f •in^yl^ ipR* DR|w|a, DR4 , . pfc5 > ^n<| tb^r. ,<|n^l§f .iyj 
: " ^cbinpa^iipn jito' -7' 60.50 : ; and; 760.57) for mplebules '^^|^|^; " \ =|;^ 

with IC50% in tnfe rahgetpf: 20 to 1200 nM. .;Thus; f |^||f^l^;^;;^|; 
specificities bo^nd tested peptides ^it$ hi^ or / 

. .;\!5;-/ intermediate affinity* and one, DR52a, Ix^X-^^Tfr.i'f 

- In conclusion^ these data illustrate the deyelopment 

! of peptides binding with high affinity to most, if no^ ^1^> DR 

alleles . Because of this brbad cross-reactiyi|y ? pattern 
amongst : different DR molecules, we have .detained ^h1at: : ;thfe 
■ .• 906.09 and 906,11 peptides are Pan " DR binding peptides. / 

Example 5 

' ^ Pan . DR Binding Peptides Also Bind DQ3.1 and Mouse CAass I? : ; 

■ ■ : ■ ' '■ -^yH^yrX. Molecules --:^:V; .• V 

Assays were carried out to determine wi^ ^.Ig 
DR binding peptides wer<e also capable of binding; otoer |ni^an c 
t class II isotypes ^r;i non-rhunian class II molecules. ;s More C 

■ . bbi peptides to EKJ3.1 and}}s^ye^l V: .mo|s^ clas*;!* ^ specif ic||ies ;WasJ | ^ 

: ■ ' ■ '■'■:}: ■'■ the biding affinities of ; preyibusiy desc|^<i^ 

}; epito^ii -are : >iso';shown' in T^l£ III, *' ; s^|i|n^ . 

previb|sly :i €^^i^;^ii^^^>^ '^^f S^^^lll^lf^^' 
: ' ;.-.. 35 ' ' elements with high ; or intermediate af f iriity, ; bet^e^h; and 
' F^o^'rks It was jfbun<i that, in general; 
; -peptides (Table III> section B) bound with;;|^eraediaje;; : ';,;.'. 
affinity, in the range of 80 to 700 nM, tbyf ive'^bf ;:the :|six 
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alleles tested- (IA b , ii^, IE d v v IA 8 /^ interest ihg|yv t^ie r> 

■ 906 series peptides (Table ;III, section C) bound wi^h 

| significantly higher affinity; in ithe 10 to lOO.nM r^g|u>: :• 

C/'^the • case of the alleles mentioned above, and 906 . li .'aisov-bW^- ' . . # ... 

- 5 ^/ith intermediate af ;f ^i^^f^i^^^WM^W^^^^^Ai^' 
DQ3.1, it was -f ; ouhd' i&at ^^:X^0g^0p6 • Q9 , 'J^^O^'fpfi^- 
: ' J :ail .bpuhdV^with; relativelyX : i|i#: |tfinitr to -purified :-DQ3|l|| ; v^; . 
ittbiecuies ( in ^he 30 1201^ rai^ge) . 

io .' 906 peptide^ to 'iSw&nfc^&'-^^l^^^B was also, examined;;;, -|o.| 

: M conclusion ; these 'data:; -s^est'^t ^^^^^^^^^^^^S^. 
'P^ ^ 'are'^ah class II : ' (but:^hbt|clasi|l); - WC? binding ;:p|pti^f , 
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EXAMPLE 6 

; inhibition of T cell Proliferation by Pan DR Binders 

iBecause of their degenerate class II binding 
• : capacity, toe Pan DR binders are candidates as therapeutics ! in 
the inhibition of T cell mediated ^yents involved in^ allograft 
rejection^ allergic responses,, o| autoimmunity. Accordingly, 
'i 10 ':, the capacity of these peptides io block an antig^h-specif ic in . 
■I vitro t cell proliferative: response was evaluated. The 

inhibition of antigen! presentation assay de|cribed in Example ■ 
paragraph (V) was|used to make these (evaluations . ;.; . 

m keeping; with their MHC binding capacity, it;sva|' 
15 found that these peptides were potent inhibitors of the 

proliferative responses : of human T cells restricted by at - 
least six different DR molecules (Table IV) ; More 
specifically, peptides 760.50 and 760.57, which have high 
binding affinities for DR1, DR4w4, DR4wl4, and DR5 , inhibited 
20 T cell proliferation restricted by those alleles/ with IC50* 
in the 1 .6 to 25 range i ?y contrast , these peptides bound 
".' DR3 molecules only weakly, in the 2.5 to 6. 5 iM range, and 
accordingly, DR3 restricted T cell activation was inhibited 

'^■■■X- poorly " (IC50% of 22 di fM for 760.57) or . not at all (IC5^)% of -. . 

25 ' : >250 • jiM for 760 .50) . ^%X':';\f-^y 

The 906.09 and 9b6.il peptides also inhibited DR1, 

DR4W4, DR4wl4, and DR5 responses quite effectively (l|50% in 
the 0.5 to 15 /iM rangey. As expected; the 906 analogs, which 
have intermediate DR3 binding capacity, were also capable of 
20 inhibiting DR3 restricted antigen presentation, with IC50% in 
the 30 to 60 MM range. 

; In the same set of experiments, we also tested the 
f 60 and 906 peptides for their (capacity to inhibit a DR52b • . 

i Restricted resp^ of inte rest to ; u »i 

35 : inasirach asvveiiave not ye^: |een able to develop a molecular - ; Wv 
.. ; binding aisay to measurie peptide binding to DR5 2b molecules. . : ■ 
: .. The data- obtained - demonstrate . that both 906 .6? and^ 906.11 \ 
peptides inhibited t|e||rese>^ of HA 307-319 Clone 1 in /.; ; 
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tJtieH;^ molecules ^ good IC50%, in the 1 to 2 

^ the Pan 

binding^ c^ : 

failed tp inhibit : ■ :-w7^ 

p^rifer^ 9 Ione 

in respoitis^ PHA> and also failed ■■^■^i<i0^ 

i^iM ^ described T £^ (t>e 

Mi|i^t^s etl 525^634 (|9^2) ) , ■ ■ in which peptides K^- ?. 

ale added subsequent to (not simuitaneously with) the 

antigenic stiitrulus (data not shpra^ findings rule out ; 

the pbssibi lity that the r^s^^ above might 'ry-:^ 

906 p^tideS, ; . 
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, ' EXAMPLE 7 
Generation of Pan DR T Coll Epitopes by to^ 
•V : ; Broadly Reactive Class XX'- -Binding;!;; P^ptidai f 

-.' v • . A different type of applicati^ ;:^M>' 

also considered^ m use • 

restrict*^ 

'^0. ■. h^l£ f or .'both humoral ai^ : cyto^ re^ponses^ ; , .. : B ecause . a li; : ?9 ^ ; : ; 
"th^;^6tential - TCR contict^ r^ 

'■''X^M&^Mj^:' Eieptides were -alanines ^-"itvi-wa^ 

: ; ■'^ ; sicU*;' chains:; coui^^ 

of more^ 2 
m^ the likelihood of interactions with T cell 

' .• is • : -^Vi:^6e^tors and thereby incx^ase their imiminogenicityV 

Following this line of reasoning, we further v /' 
/[X:":-M- :W modified the .906.09 Pin DR peptide • ..." Several- ,anal<^^ 

. • g4^erated by introducing ;.- bulky or charged side grpi^p^ ■■^■ : Xp 
Sf^^ptioris 2, ■ 5, and 7 , wliich are p TCR con|ac^ 

: :y0^2Oy'- : '- res idties based oh previpus : ;:anaiysis:- : ;Of . the • HA 30 7 - 3 19 pespt ide . 
■'^^■X : : By -cbr^rast , those positions known to influence ^ 

undisturbed (3 y 4 r * , S , . and 11) . In^di^ 
V -^^^ generated that carried the natural amino =\^Vr 

f||f cid>:^Phe , - Instead of cyclohe^laianine :positipn:; j?^ri J ^F^^^S=fi 
25 then tested for retention of thei?r c^ 

^;'b|i^:^ltiple DR alleles , and % ;.th^/*ia; 
v si^ificant decrease i binding capacity ve^e ih^; 

, -.4'%.i:' tested "f o£- their capacity ta.M immune;- response . x/^^^ ■■ .; : ; ; 

data : f r^pm two of : the best jpeptides/ 9 65 ,10 and 1024.03 , : : ^r&/:^l . 

30 ^ d^ • 

when these two peptides were tested f or ^ . 

y'/:^ and .Tablf^ 

: ; : . : . i r : :i.y ; p)':^-^ found that , in general, they retained -;t£^^ 

'-■■d?^ b&i^^ br pad reactivity ;- ; assoc^ 

XX'j^ 906 . 09 , for most DR alleles. The exception^ 

binding only\ yeakly >^o - ; '1^X::0.\ 
(1470 nM) and also binding with intermediate (420^^^ 
than high affinity to DRw5 3. Also, the 965. 10 arid P^>P 3 ]"*'}} 
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10 


20 


30 


35 


peptides showed greatly reduced binding fcapacitie^ for most of 

the murine class II molecules tested; Gdoid binding capacity 

was retained/ however , for ; theV;: : iA*f a|^ 

mice to be usedi to test th^ : ; in : ..vivo;!-lm^ 

peptides (see below) . Finally > :: gdod^t>03..^;W 

both peptides (in the . 25 hM range) was also retained. ^ 

EXAMPLE 8 


. - ^ Pkn^DR epitope 965.10, ralbr^ with two o? its 
'^v progenitor peptides ,] 906.0? and 7 60 . 5p|i|^d the previously 
described natural epitope, compare^o^ 
^ : capacity to stimulate in vitro T . cell responses In P^IC irom ■ ? 
15 normal individuals. The protocol us^ 

■ stimulation of PBL with autologous AIK: an|l peptide antigen?,? | 
and was specifically Resigned to allow the study of primary in 
Vitro responses. ' ' This protocol :' is; ^oyided: .below >v - •f>ilow^d...;Jt)y ; -; 
the results of the assays. . ■•■ 


* fi? ca Y Protocol 

PBMCs from healthy donors; ; ^e/stiiiiur^^;in v^jf 

using a protocol adapted from -MancV^^-aA^ 

1964-1971 (1991) :v Peripheral blood mononuclear cells (PBMC) ^ : 
25 . . were purified oyer Ficoll-Paque ■ (Phanifofia jLKB ,. :\^s^^ '^: 

Sweden) and plated in 4 ^ells of a 24-well tissue ^u^u^glQ 
Jtfa plate ( Costar ^ Cambridge* MA) at 4 ' x lp 6 ;PBMC|well . -TiM» : t^f f if 
y : : peptides were added at a final concentration of i0 Mg/»i- 
. ■r'cuitures were then incubated at 37* C0 2 . On day ; 
recombinant IL-2 was added at a f in^l? concentration of • 101 
: hg/ml. Cultures were::: routinelyi f ed every three days ■■■/■^■■^ 
•■thereafter, by aspirating off 1 <*J§pf : ;' medial^d replacing ; :;:it% 
. w tth fresh medium containing th-ii J : ^o:^^itiona^^ . 
stimulations of the T cells with ^t0j0^^i^'t9}p»^ .: cm t ■ .-^ 
l : approxiiia^eiy days : i4^and' -28.. . : : - : Th|;pce||?|::( V^ip^^li|;>S*^j 
Btimulat^d with peptide (10 W/p) M^^^°^^c V ^^^ 
[2 x 10 6 irradiated (7500 rad) /well]} as antigen presenting; 
cells in a total of 3 wells of a 24^weli tissue culture plaie,-- 
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In addition # oh days 14 and 28, T cell prblif era^ive responses 
';. were determined as f pllcw^;- -:2 : x id 4 T d^llsywel^r 
irradiated PBMC/well as APC ; the peptide cp^ 
t^ between 0^ 01-10 /ig/iil fi^ 

;•• 5 .'• 96 .yell tissue x:ulti^ . 
bell ^roliferati^ on day : Inscribed, 

• : ::-j^-; v . above • . : ■> .. < - : v^H'-;:;' : 

^^.^g0^ ; it ' ' -The - d^^^-obtilin^pl ; ;j ;£| tlowirig ; ? tro =; xpunds|;^^ if; 

V-;|^burid : :of :istimulatipn,; ; --. : irt 

pa^ehtal peptides 760^56 ^ in 
15 these experiments. Neither peptide induced a significant 
(>10>000 cpm) response fbli 

After a third round of stimulation^ 760. 50 indue ed a r espons e 

of ;.the-^ nal^^ 
epitope TT 830-843 ais6; fai 
20 after two rounds of stimulation* and after of'-; 
stimulation v TT 83 0^8ji3 alsd generated :a;. : :mbdestU^^ 
response in all three jdpnb 

responses, all three dpnOT .°^^ : -- t ^: 
r^ : stimulatib0tpl|^ 10 • : :; 

■ 25 F igur e s 2 A andL 2 B s jammar i 2 e a 1 1 • the : ;- : in^yitro 

: stimulation data that have been obtained (sec 
stimulations , reject §eiy) : 
^:Xy^k(Fl^ . 2A) ., . peptide 965 .10 was the only ,:pept 

' : --t^i^ifpantly stimulate 
30 (9/12). TT 830-843 was able to generate a response in fewer 
individuals ( 3 / 12 ) , Wft 50 and 906>p9 bo^ failed t^ 

' stimulate any response; 0^3 >ii;- . " E : ■ By ■ ■ :tlve - tiixirdi; ; : s tiiniil a t ± J;!;.; . ■ ; 
(Figure 965.10 gfener^ted sighifica 
donors tested, the TT 830-843 was now able ;tp; ;mbunt| : a ,; : 
35 signif icant response in a majority of the doriore:^ 
760.50 induced a r e sponse in il of 3 donors, and ^ 
• to stimulate any of the 3 doiiprs t^st 
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The ability of 965.10 to expand specific T cell 
■•' populations in vitro as early as; th> second stimulation/ plus • 
■ its ability . to give a significant T cell respons^ 1^ ylrtijally ' 
all of the donors by the third st^ 
: 5 v ' superior immunogenic capacity of f this ^^^i^^^fi^y. - : 

peptides TT 830-843; 760.50 ^oi^'i^09^f^:V' :: y 


• lq in vivo : i^zK>^enieity? : ;«f : ;: : : the; Pan DR Epitopes in Mice . ; 

! ® * ; ^^Sii^ivp immunbgbnibity : fof ;:/^e : |||^:50.,. : ; 965 f 
■ " and-.lbl4 j t# .pepjt ides' : v^s^tes;^ 

To carry put these Assays, :r C57iL/;6 j; : :iiice ;^ere^ : |n| ec:|bd X- 

15 :• . subcutaneousi^ at the <basje/^ of if i^^X^^i^^^^^^^i^^^S^^^?* 7 i 
' ■ of various peptides ' (0.00012 5, [Q^025fi$*05 t ? nd : * 20 / ;- : ; ; ; 

Mg/mouse) in PBS/CFA (Difco, tietroit; MI) in a liDO /il volume. 
. On day 10 , inguinal and paraaortic lymph nodes frpp groups of 
three mice/peptide dose wer^ collected/ pooled, ^nd 
20 •. homogenized into single cell suspensions. Cells were gashed 
' ./ ■ two times and subsequently plated (1 x 10^ cel^ls/well) in 

96^wellmicrotiter tissue culture plates A log dose peptide 
titration (0i01 to ' ■ 100 yg/ml) of the immunizing peptide was j 
• . added and a standard three day T cell proliferation assay 
25 performed as described above.;; 

,. fih^theseVexper : 
•iiiepitope^^ 

/ restricted epitppesv Ova 323-33|Sa^^ 0 , |fere . • 

■ • " :compare(iy S'These : two . natu^il^ 
; 30 lower "^to" .li : 'f bldV^af f inity^ 

•'.A).' The TT 830-843 peptide; whip^ bindVf^^O^:^ 
. appreciably (data npt : ,shbwni:, : :;;*as^ as: ;a:;;nbga^i^;::^ 

control. Groups of • mice were • i|m^ni?fed;-; with ..ya'ryi ; ngSamp^nts- • ; 
of peptide (0 i bboi25 to 20 jig/Mse) * in CFA. ten days 
35 following immunization, the draining lymph nodes were 

collected and stimulated in vitro witK varying doses of 
• antigen.' 
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" • As shci^m In Figure 3 > it was found that , consistent 
with its inability to bind th b ; TT iB ^j3r-8 4 3 was unable to 
generate a is^ecif The known 

■ ijy* r^ Ova " : ! 3^^^ pariel B) 

V::-5''. and HBVc 125 |l4 0 ( F 1 ? > P***® i c ) l?^^?^ responses in the 

./: : :- : r ; V::use^,:fb^ 

•••; r: ep^ : :9€fi;^ 

• pinel E) '.sti^iated: "trie; strongest 'x^ 

: sioB /r-limtm^ 

; ' /j^/mcmse , i th a m^n i tude irif yiOOvOQO/ltc);: 150 ,000 ^c^- ; v'; 
ipnly^ma^ 

;1 : 5': ; : dose tested; i These r^ DR epitopes 

?65> 10 and i 024 . ;03 function as highly ef fec^^ 
"" epitopes in viVo;';-^^ as in v ; To^thei^ w^ 

himan inanuhogenicity^^ d addition 

to high MHC binding capacity/ the \p£eseric&\ : $t , li^unodominant M 
20 amino acid residues at potential TCR contact posi^ is an 

important Wl^eht f or the generation of vigorous T cell 

responses. ; v - • 


■ pah m ?^j^ides : : Ac%i. as Helper Epitopes For : ■ 

• t^P^^miyo i '-;Mi : C^ 

' : -10-/;'y. j -V it ■rii} ''^'^^^$i^^esm^ that th^ p 

:•: •V-. :: : i;;,;:> :a -:. t ceil prolif^ an -; : : indicat o t ^jo f ■ th^ helper 

opacity \& .sbugh#^ /; 

% measuring tAejc 10 pe^ ' 

■ ■ in the gehet^tion ; : bf "^CT ":^e--^CTO inductibh . 
35 ; ei^erimeht 

provided below. ;.;:;\;>: : - 
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A. CTL ■::^ridticfelori^r6febcaI- 

by subcutaneous in j ec t ion at the^ b of the t a i 1 : wi tlv a 

mi^ i:VV; 
.. ; 5 ,: ; : 'ati^ i&t^ 
- :V ':-'inice : ' j'::;:^:-;^,;;;;:; 
x 1 addition ^. 

. - : : -/:bf| : ^ 

LPS blasts were prepared 72 hr prior to use from splenocytes 
' ' ■ ■ io bf C57BL/6 J ■■■nic^ ''f 
coli 055 : B5) (Pif co Detroit, ; MI ) ( 2 5 /^g/mi ) , and . be^ranl 

■ •; : i;V.:VSulfa€^ : ;-:|euj^ 

pr i ; 5 x ip^ 

''/•-•"^ 

. is •'. ' Subsequently , cei : l^:;wer.e irradiated ,. washed, : :-and v ;;p 

resuspended: at 30-40 x lpf c One ml aliqupts of this 

; CTL Epitope at 1 00 jig/il : 

for 1 hr at 3 7 ° C , 5 % C0 2 ^:d^ an^theii; 
V : , . ••resu^pen<ied : ::: at- ;1'0' • •x^ip^ , ce 1I£ /m&|v} : : ' ' : J^; : " vo itume . /p f ': . 1 ,:. mi : : was ; added-;;; 
20 pe^ flask to the appropriate ^f if ector cells and incubated for 
wi'-fr- days, v Cytotoxicity was^i^ EL4j;-J(b.X.v/-v;;?;;-- 
haplotype) target cells (3 x 10^ cells/ml) which were 
: - . : . ' incubated :at 37 °C ih the pr-esence of ; sodium **Cr : chrbmat e and • 
CTL epitope "pejptl'^ cells . were washed thrive 

: . • 25 tii^6 and ^suspended in -WMi 1 6 4 0 (Bio Whi ttaker , 

Walker svi lie , MP) containing lb^ (Irvine Scientific, Santa 
' . Ana; • CA) , 2niM L-^Glut , . 50jig/ml 

Geiiiaiicin ( Irvine Scientific) , ;|and:v5.;. x- ; lb* 5 /M:;Beta.J' : >;:^^; 
,} Mer cap toe thaho 1 ( S igma , St ; L MQ) • :i Subsequently,; 1 ^^i^y.::^^^^}^ 

30 V: ^ I Cr labeled target p£l Is : were added to a titration " 6t';--;_ 

ef Rector cells in U^bbttom 96rwell plates, f inal yol\ime^20p 

ml : ;; : :alI^ots;^^ 

.. supernatant : :were^ 

determined in a Micromedic =: gamma counter i The percent 
•••••'•-•35-^ by^therf pl^ 

speblf ic lys is 0 x ( e^erimentai^ r spontaneous 
rel^ise^ • >Data^ 

expressed in lytic units/ lb 6 effector cells. One lytic unit 
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■ is arbitrarily defined as number of |^hppytes required to ; 

X io 4 : :5 *tt^l4be : Ie : d' target ••celisy wittih;^::/,;;^: • . 
6 hr, in absence^ of peptide. ■ ■ 

5' : '" v ••••:We ; imi^ized; : C57BL/6X mice:: : with: a' 10. nm ^.dpise jdf 

.: ' W" '. k b restricted (Qarbb^an and iBe\^n,i : Ji ;Med> ■■. 

' ' : vary ingr ambuiits of restricted Ifelper ^pitopes ; : <^ra^ " 

^ i23-3i$- J V**$^et ; al . Immunol;. §L52 : 4526-4 536;; C1994)^ ; |HBV j 

. .. . • cells were stimulated ^ §;••; 

^•"i5 ; - '"' - ceills. ' : -H>>'V;' ; 

" SB.^ - Results :: \ : :|/ : :\ 
■ / The results obtained are shown in Table V. It was 

; found that the Pan DRvepitope 965.10 induced a CTL response in ' : 
: M ' 1 ' a dose-dependent*fashionv wit^ an optimum of 307 lytic units ; ^ r 
: < observed when 5 |tg/mouse of 965.10 peptide was coinjepted with, 
: ^the Ova 257-^64 CTL epitope . • . In contrast , the : helper activity fV^j. 
' . ■; : -323-3|6; ; : : :^ j : ravc ■ ; 128-l4 : 0 ; f Ritppes : .:;was, mu<A less^ /. 

^;p^no : un$e^^ 
;X : :25''. ; ••effe^^^ 
• / : - : ;ofc tne?d^^ 

>('lQ0j^/6b^ f i*7l^y> : • : I f.'-^- v ■?:<■;,.■• ;-:f -I^^i^ 

Tte examples are provided to illustrate the |r 

30 invention but not to limit its scope. Other variants of ^:;y ,^ 
: invention will be readily apparent to ^ one of ordinary skil^ in 
the art and are encompassed by the appended claims. All 
, : S ; publications^ patents , and patent applications cited herein ^ 

■ : ': : :\are hereby incorporated by reference. 
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^ is: 

A bompos it ion compr is irig a pept ide cons is ting of. ;: 2:;''' ' 
b-amijno acids and 11 L-amiho acids , saidVp^ 

, ; f of^uli^ ;Prpc££di^ :V;- 

; . 5 .-• ■ the ; parb^ :,wherelri;; 

: ^r-'^ the; grb^ 

V:-vv:: ;: :;';v ; ;:; : : : ; ; ; : ^ fcmirid;''aLC'i^ 

f : ; ;: : in£ipe^ ^||^||^;: : ' : : -\|ii::J;i : :^ 

: : :: '- : ::.:; : ; : :l;1:;.i;:;';-}:^ lllillP 

V :: l5/\- % ^ons 2 or 4- amino acid^ 

wherein each of the 2 or 4 amino acids is independently 
^I^dted f rbm the group consisting of a l^n^ serine aiidp^ > 
V;/ .,- : valine • •.; -; V ' : \ : : : - " •• , • :}■:[ ... :>' L.-i \; : , ' :/ • : 

-';-'-- : ;2pv' -' : --'- : ' : - v xK%-2-i-- : : : ' ;: : : : - : -The composition of -: ; claiia:v : l : .:: ifafereiru 

-, ■ ■' iR x is b^aianlne followed by alanine or .-■* 
% is c#clbtiexy lalanine- or.phe^ 
' R3 is 3 or 4 amino acid, wliereln /; ; each^ 
>: icid^;= ; lsv selected 
"= = ■25 :. ispieucine, and valine ; and 

AprlA-, alanines . ;f oli<W!^ 

Z-^^k:']^^/ cbmposition : ; ;:Of 
^electe^ ||XA^ 

• ; : : /\:l>30 ^"f aM^ 

• aridi aK^AAVfTIiKAAa v*erein> ;?is-:D^ 
.. c^lc^^lalanihe^ is lysine;^ 
' [■ ■y^^;^line : t I is isblucine, W ;is ; ^r^ . 
' phenylalanine. 

-:. ; 4VV ■:• A'- ; pharmaceutical; 'com|tos^ 
; phairaaceuticaliy - acceptable, carrierf 
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5, A composition comprising a CT $ nd 
. a T helper peptide^ 
." ' of claim 1 . - -i^y.:. 

■■■■5>Z :• ; 6v : Th^cto^ 

: V peptide is acet^ a |at;ty 

''acid. _ ' \ . J:,'., ^ C " y I " \- }-0y-- : ' : ;'y^W^MrW^) ■ . : ' ' /- "'[-y'-'-^i^ 

• ; \ :V^-7 .; • • \ - ' -Tlrio ^cbmppsi^ 

•;. : - helper peptide conjugate . 

■' 8 . , •• Th^;;!:cbmp^ 
: pepticle ooty^ 


15 


20 


9. The qbmpps it: ion of ciaim 6 , 
peptide is linked to the ' T : helper ^pept^ 
molecule. 

" 10 .. The c^ yhje^ 
Ala-Ala- Ala. 


11 m a metlibi of inhibiting activation ibf T cells in a 
patient, the method cqm^ 

: i5v ; ',,- ■ • therapeutically dose;of^a . 

.• comprising a pha^adeutically ;aqce^tkble : ; : ;^ : a peptide ; 

^ : -> : 'of ■ between-- abwf j'^i^ahd ';• about :-;20:\r^ 
■ capable ' of ■ binding an^igen^^^ 
' encoded . by siibst^ntlaily ail* alleles of : -'i^m-^x^^ '^i : C r -. 

12. 'vThe^iieth^ 
peptide : of claim lV : / : ;:^i 

':Trifev:i^ 
• 35: ■ ■ peptide ' of claim-, 3. •• 

14. A method of inducing actiyatio^ b^ clones in 

".. : a patient , the method comprising ::admiiiis^ : thejpatient 
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a thera^eutica i ly e ff active dose of a pharmaceutical 
:^bB^osi cbmprisi^ acceptable carrier 

arid a peptide of between abbut 4 and about 20 res idues , the 

capa.bie : ;:M 

■5: : '''-^' /-:^leculeis ' encoded by s ^il^llele : 

peptide ts ; ,. 

^:bnjugat^ inducing peptide . 7 v 


10 


^ C ^ wherei^ the peptide is ^ 

peptide of claim !• 

;. : i7 # ^ is Is the 

peptide of claim 3 • 
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